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r' A •.'1 - I .\ T t G E P i: '\ ::; .A. Y I ~ \t, F 0 ·~ \" 
18t-' - P~TLGtR t<P . '~AY I·'J \·· FO:~~ 





'1.L\f.)W( 2) :::1::1000 
H~8v(3J = • 
;...t t; . ( '+ ) :: ::, 
' .£\=HA,.(ll 
'G = r<R\:, ( 1 l 
K= 3 
;: J 1 I = 5 ~ ,; l. , 2 
/'A= Hi.:...~\ ( I + l ) 
D~• 2 J=5t\!2,2 
'<.=K+? 
;.-;,~B·v ( K J =I SriP ( 1 ,f··,t,•1 (I) ,f-!8~,; ( J) l 
TQI~O~Y - A=AP*.\d/1CCOO.+ .5, Ll~KAGE - A,~A*AB/100.+0.5' ABC~ 
? ;> 0 P = t.~ !> · · '"< \·,' · ( J + l l I 1 C • () 
IF (PR"'DaLE • .l .. "l Ci() TO 3 
·P.3:' ( (+1 l = f:'R•-•P +.t:' 
CO TO 2 
f~ A P '' ( ~'-+ 1 i = ;:H~ 0 P + l • u 
2 CJ'\,TI!':"E 













































ARGU'1E 1 T S 
1 ,~ '' r,... 
...,: ' ;..., ~ ,..._ 
I,.: - I <-.T::GER M~F',.>.Y I i'! '•1 FJ:~." <~ ('()001930 
I ~ - I · i E G E ::< : :.' R ) !"' E ? R E S F hi T I r, G R 00 L C: f.. -; 0R QJALITAT1VE00001~40 
' F ThE NE0 ~LE!ENT TO BE ft~~ED• 
- I'HE:JEi~ \'lOR"' RfDFf.SE\Tif;!G i'U-1E.'IC PAC:T. 
S[I\ERAL 








~;I'iE::srr)i\ Iw t•· \l CJO·-lZ03C 
IF(!t-,(ll-Cll,Zd 00002040 
2 I ·.-J ( 1 l =<~ 0 0 0 0 2 0 5 0 
1 L-.(ll=J',(1l+.::: OOC0206J 
J=I·'(l)-~ OOWG2070 
I ~~1 ( J l = I B 0 C 0 0 2 0 t5 0 





')[;v,£',SI")~ Ji:''-'· IJEJ, JOS~dJOl 
r-.L I~,,.-:: 1 ; 
!F(JO::Y( l-4)9,9.10 
10 (f)f-JT p. ijf 
\'-X=JEX''( 1 l 
\~~C'P =JQfj.,,· { 1 ) 
"0 2 J = 5 , ;.l E:. , 2 
'-l I =JO J·1' I i--.+1 l 
rr=(I-lll·S,s 
S A=JEX~IJ+ll /4n .QJ.O 
COT 0 4 
6 A.J=JEX,.,'(J+l J/!..,(l(CO.O 
A=A"-'**I 
C0TO 4 
2 COr·; T I f\lUE 
AUK,'=J. 
4 .'\LIK't, = A.LIV,·J*!~. 

























r, 0002 490 





















I T '.;1= 
IT'- I f, TEGr.R VC.L ·E OF THETA (~ECO'vdl '~AT IO·~ F''.ACTIO 
,:>(t-, - li\TEGFF, A.R.-<.AY OF 08S':::<VED CrliLD~E>J F-i 'lv FJ•"!,f\., 
T H E T t, f.\ S I ,.,l F' U T 
?. TEf~;·~AL Tr!ET;:, 
~ATE~r..;A L THETA 








1 CJ ,'+ 3 ~)4 
2 ') 1 456 
I HEGER riP ( 12 l 
p 
P TE·:;ER d.'1 (12 l 
I\JTEGER PE'H ( 36 l 
I \TEGE!..; Dr ( IDPL) ,() • ( ID,'L J ~PCH t I·./ 'S l 
i> I ,; E ~ S I 0 f.. L ~ I T ( 2 & l • ' t' I T ( 2 2 l 
,.,,.J:::f)p ( 1) 
!., ,. ;;:: I). ~ ( 1 ) 
IT'i=ITJ 
1 T· =IT-~ 
IT· =!TH 
ITh=SO 
3 '":C'; T I. UE 
,, l.. c = () * (} 
;) 0 1 I = 5 • t~ P ~ 2 
UL.L S~Gd!DP\ I l ,ITri,HPl 
~)'I =C•P ( I+l J 
f\Q 2 ,.1;;,: 5 ' ! '. '2 
I D :'··' = C> v~ { J i 
CAL L S E G •'' ( I J' 1 , I T .A ~ H ·:: ) 
cAL.. L (; ~.? ~'-; ( H p ' L.~ I ~ p E c H ) 
A L S = ~~. L. S -!- A LI K ;' ( P E Ci-h '3 6 , f· C 1- , I 0 :.:, S ) ){· D h I * D ,v1 J 
IF('.'·I•V:.,· .. t\ 1)•"'.Je'f.:,.Cl GO TO L 
.·.'i<:t TE ( 2 ,4 J-' l 
2 C0 ·JTI.\)~if~ 
1 r ') \ T I ~, ~i E 
IF !~LSI 17,!7,18 
17 '·,'i·-<1 TE ( 2 t401 I 
401 FJR'·_-,t.~ (' ,;:.,':( · I :;G, ZE::<O LIKELIHOOD' l 
1--; Ali'·'K\>J =0 
lB 
(~0 T) q 

























0 :J 0 '~ 2 :j :J 0 
,).:)002690 























\j, = C' 
DO 50 I=lt'\ 
IF(L!Il•L t: .O)G OTC 50 














B I N X 


















I NTEGE R HAW ; HBW ,H;.\ 8~'1 . DP\rJ ; D\f.-1 ~ P(i;J ,P? I 6 ) 
Di f"1Ef.JSION t·1AR (2 6 ,7 0) 
DIMENSI ON LOCI801JICLOCI70l~JPSTI811 
INTEGEF H~-JS ( 7701 t APILr30), JP1t+30l 
PH EGEF< IDN· ( 3 ) I I I I ' I p I , I !-.i I I 
D F·1 E i\1 S I 0f~ R I T H I 5 l 
I ~ ~ T E G E ,·, J D p \! ( 3 ) I t I I ' I p I ' I t,· I I 
DIMENSIO~ ~AS (70ltNTI70l 
DI ME\SION ITHISl 
DJ:VE\SIOi"J. J\LOD(5l 
DI.\f!E'~S 10'-l !-'AW ( 2Lf J ' HB\t! ( 24 ) ,HAB~·i ( 84 l tDPVJ ( 3204 l tDf•1't- I 3204 l' 
l~'CW I 44 l 
I~TEGER EVR / 1 ALL '/ 
INTEGER ABD/ 1 A8D 1 /, ~N4/ 1 ~N4 1 / t 
* KL2/ 1 KL2 1 /t KL4 / 1 KL4 1 /, 
* JK2/ 1 JK2'/' LEl/ 1 LEl ' /' 
PE1/ 1 PE1 1 /, RH6/ ' RH6 1 /, 
LU2/ 'LJ2 1 / t FY2/ 1 FY2 1 /, 
LE2/ 1 U::2'/ 
F.!T E G E R h p I '>-! p I I ~ G' ;; ' G \:; I / 
cor-:lMOr-; fi.JREC , ~,J F: E c,c,, .;~EC ~}, 1\ RECC , h CA; NCG, ~;CC , r~cr>J f'KE 'NCR t NO: 
l ,Lc A,LCB, LCCtLCD,LCE 
400 
20() 
COM~O~ ~L,~INO , Y~P,HWStLOC 
1 dP , . .:\p ~JPST 
2, I C LOC 
DATA ~SK/6291456/ 
D A. T A f\ hi/ 5 I 
DO 400 I= l ; 5 
RITHI !l = !TH(Il/100d) 
~JRITE (2•2 00l RIT!-4 
FOR~V:AT I I 0 LOCUS THETA THETA 
1 f'-1A i I NG PAT MAT NC . RE CORD '/ 19X , 1 l 
2 5(3X;F5 " 2 ) ,? X;'T YPE I, 
3· 1 PHP~ PHE\ SIBS N0 . 1 ///) 
c 
C INITIALIZATION 
i'I\SK21 = 2 *·;t2l 
V:SK22 = 2**22 
~,lSK28 = 2 ·:H28 
i·~ \1;\ T = N 1 "'-~ D- 2 
NPA T=f'~ I ~w - 5 
00 504 IA = l,L(A 
MASKI I Al = ~SK28 
!CIA= ICLOC IIA) 
CALL FND~S IH~StK~IN, JCJ A , HA~ , r~INI 
C ;q i=~EGU I RED FOR FR, W'J I N HU·. 
i'l T I I A. l =HA 'iJ ( '·• l 
CALL ELI~ (IA,~ARtMA~RCt~AR CO t HAW ,I W I ~ , ~FA Tl 
c (;h.~ DEC LARED I i~FOR 1Yii-\TIVE I F PHEf~;O TY PE ~ --
THETA 















0000 34 60 
00003470 






0000 3SLt 0 

























B L I N K 
501 
S02 
F IICIA - G'·!) 4(·0~5C;C,4&' l 
C~\LL z::.oC·L.. ('.A'>H\PAT,IU.l ~ i·SK2 l,LC !ltll 
!F LC'HJ 5;:1,5C1,5'.:'? 
,:, ;~ P 1 :::: ·• ~ i~ ! \ P A, T ~ I /::., ) 
*'A~( ,P;HdAJ H~SK21 
C (\,U. Z ~J·DOL ( ' ·',~R ( ;:PAT, I A l t~':SK22 • LCv! l d) 
IF ILC'll 5:)3,5C3,4cl(; 
503 ,,~RP 1 = ';AR ( ,.,,,..,; T, I (:. l 
IF ( ''R;:;l.,EC • .l3 .or~. ;,·qp1.EQ .. 44 .OR* ;·.1~Pl .E C~5(') i/>tJ~ ( ,'4PA TdAl= 
* '.t..A.RI ~PAT •I~.l +;.'SK22 
GO TO 42'7 
C :~ .. l DECL:\RE8 Ir·~FOR!-1ATIVE IF PHEh. IS D PCS• 
480 IF c !CIA - ?.1-16 l 429,496fu29 
C FATHE::;; 
4S6 CALL ZBOOL p:AR(.\PAT.IAJ, ~,.S~<2ltLCAl,l) 
IF ( LCYl l 49:) •4 90,498 
490 CALL Z30Jl (~A~INPAT,IAJ,4,LCYl,ll 
I (LC'Hl L>98 ,4 :;f8,493 
4 9 3 .··; t:,R ( r-.; PAT • I,£\, l = ~,'!;\ ~~ I N PAT , If. J + IV: S '< 21 
C '·:oTYER 
4-?f, CALL Z300L ('/"RI\PATdAJ,;V,SK22tLC:\/,ltl) 
I F I L (;V; l l 4 9 2 t 4 9 2 , 4 2 9 
492 CALL ZBOOL I ~ARIN~AT ~IAl•4,LC 0 lt1l 
!F ILC•'ll 429,42'1,495 
£:.95 i•.AO.I ,,?ATdA) = hARlNP/I,TdAl + i·Sr'--22 
GO TC 42S 




























b,29 IF ( '/Jl,R('"P.:\TdAl aLT.,O .. OR. iviA"<(,\'-'J\Tdf'.l,.LTt 0) GO TO 481 ,_~')0'J4C9'J 
C A L L I L L E G ! I ~~ , I C I ft. , 1 1.~. R t ',1 A R R 0 ~ ."' r\ ,.: C 0 , t\ I f • D • L. C t. l ~ C 0 0 4 1 0 0 
4 9 7 I F ( ~ .. ~ ;.\ ~; ( 4 l • G T a 7 J C .'\ L L H: P·~ v; u-: AF( , ' 1 AI~ P 0 ,' ~A I.:Z C 0 ; 'd ! ~ D ) ! A , t, Jl, S K ( 1 A l ; t,; T ( I ,; l l .) 0 C 0 4 1 HI 





SO TlJ 504 
IF ! HA ~; ( '+ J " G T. 7 l f· AS'< ( L~ ) = 2 ~He 2 9 
DO 1 I.<:.= lt LC"'l 
!CIA= ICLOC (IAl 
J=I/',+1 
DO 2 I S = J,LCA 
ICI2 = JCLOC (!5l 
(.t\LL Fi\D··tS (H ~~S , !<.V,fi'lt ICIB• HtH'.!' l'f.ii ,\l 
C <'EED OL!T ur,'\-JAN TEl) P>'di~S 
C ,t,~E ,\LL COr+·~·r,,,AT!OI'.i~ JF LOCI i·:A·.,JTED 0~ ONLY 0<-..JE IN PARTICUU\i::( 
IF ILCf.l e\!E .. EVR •. A,i·n .. LCB.r:EtiC!i-\ .. At·)[). LCB ;'\iE.ICIB ) GO TO 2 
C EL1YI~ATE SO~E DAIRS NEVER TO BE DONE~ 
IF (ICI A~E~~QH6 ~AND. ICIB tEO.GVl GO TO~ 
!F (ICIA - ABD) 432t43l ,U. 32 
4.32 IF' (ICIA-,Jj\!4) L;.3:?.·t431,433 
4 3 3 I F ! I C I A- P E 1 ) I+ 5 8 ; 4 3 1 , 4 5 ~ 
431 
458 





I := ( I C I '3 • H~ • ' '' 4 • ·J R • I C ! f3 • E Q ., P E l • 0 R • I C I B • E C1 • R H 6 l G 0 T 0 2 
IF ( I C 1 e ·i E • K L 2 • A i, D" I C I B "f' E" :< 4 J GO T) t..,. 59 
IF IICIA -ABDJ 459,2,459 
r::- IIriB.~E. LU2 .A~D. ICIP~\E. JK2l GO TO 460 
I = ( I C I t, tt E ...: ~ '/ \ L.. • 0 f" o I C l A • E C,i "~ R H 6 ) G C T 0 2 
IF IICI8 -FY2) 462tL>61,462 
IF !ICit\.EQ.-48'') .. o,-<;. lCP.EQ.H\14 . ORw lCIAtEG .. PEll GO TO 2 
Ii= (!Cia - HPJ 464,4;.63,L~64 
I:= IICI/.••EG$A8D ,.OR.ICI,t,.EG•i•i'\4 .o,,.rriAtEC$PE1 eORt 
*IriA.EJ~RH6 .o~~ICIAtE~.FY2) GO TO 2 
------

































C ELir·:Pu~TE ;,o;-: -r:: FOR'.~ATIVE FA'·,JL!ES 
l< 64 CALL ZeOOL. (JAR ( \,p::, T • I A. l ''"'·'"'''::;, ( r,;pp_ T, I 8 l, !\!AND, 1 l 
'" .1\ i ,I !) ::: ~' A ~: !) z 
C IF '1A.·\'':' = 6 291 456 THE \ DOU:3LE I·HERCROSS 
C 2 097 152 T~EN °ATER~AL SCORE I= 2**21 1 
C 4 1?4 ~C4 T~€N ~ATERNAL SCORE I= 2**22) 
I F ( \MD J 2 t 2 , 4 6 5 
C DEFI~E F4MILY PHENOTYPES AT TWO LOCI 
t..65 C.A.LL FCPG·: ( "-1AR , 't,ARRO t ... ARCO,IA,I6t.'-~FlD,PPtPC'VtiPCHl 
L+ 72 
'+ 71 
I D(V,:2 = POi ( 1) 
I F ( PC •·; 2 -4 l 4 7 2 , 2 ; 4 7 2 
~0 471 I= 6tiPCW2 ,2 
t, C E = IKE + PO; ( I ) 
!PAT=PP!l) 
I "' ;:., T = P P ( 4 l 



















IF! I~ASKIIAI.~0.2**29J .o~~ ( ~A SKII2l•E0•2**291 
THF FOLL• ST··H CM,~ SE C~A\GED !~=' C;\t: ·.'.!SHES TO /:_,\,il. LYSE 
I SO TO 2 000)4640 
c 
r ,_ rhJTH Pi:,r.<E:HS ARE lf!Ki'~OvY< • IF('Kc-X K!DSJ46 7 ,468,468 




467 IF (IPAT.SE.O .4~D. IVAT.GE.O .AND. ~CE.GT all GO TC 46o 
IF( ( IPATeGE.C ~op. !'·1 /l.T,GceOl • .A.;",H;w '\l CE .. G!::.2 
*8t~D~ICIA.~E.RH6 ~ A~D .ICIAo NE .GM .AND.ICIJ,NE.2H6.AND.ICI9•NE. 
ii-GV J GO TO 468 
IF (!PATeLToJ .0R. I:1 AT~LT .. Cl GO TO 2 
IF (r:>P(2J~C3T .. ~ •. A.f'De P. -' (3J~GT.Ol GO TO 470 
I F ( i'' A "i L" - 4 1 9 4 3 l") ''· l .'2 ' 4 7 0 ; 2 
47n IF (PP\5J.G~.O .Ai'lD. P 0 (6J,GToOl GO TO 468 
IF (:,A: . ~ -209715 2) 2,468 ~2 
C DO TH~ A.~A LYSIS 
£:.6- C"' L L A SO· ( H.A, / , 1 'd :\i 'HR ''i • I ~·i I \~ t H A 8 '; ';'-'~,·I~~ l 
CALL P?RD;i(!..JAr::;·:., ·;·;I!' ~PP( 1 l tPP(2 l , p;.- (3 l ,[)P,<J,J~<Jr;~J 
C.t.. L L P P R D <> ( H />, 3 '•1 , r., ',.JI '-..\ , P P ( 4 l , P P ( 5 I ~ P P ( 6 J • D :Vi 1¥ ~ J ':! I N ) 
,o, LS 0= AU\~<··; ( DPt~ .Jd I 'l ,Qi'i•,..: ,J~·~ Pl ,PO;, I PO'l '50 ,o l 
::J 33 I=lt i'.;T"'~ 
ALODIIJ"'O• 
IF( ITHII l <~EQ$0lGOTO 33 
IFIALS•EG . OelALS=AL50 
ALOD(l l= ALS-AL50 
C DETE•:~;-...1 JllE TYPE OF i' ,.6,T PiG 
fHYPE = IDP'A( 1) 
!\l( ROS = JDP'vi ( 1 l 
IF ( ~,A\D-2C97152l 423,42lt423 
421 ~ TYPE = IDPM(2l 
\!C~OS = JDPi·' ( 2 l 
GO T"' 469 
423 !FPJl.i'·lD - 4194304)469,424,469 
L24 ;TYPF = I1PM13) 
f<CROS= J :::P '/ ( 3 l 
469 <C8 =i·iCB+ l 
IF liTh lll~NE~c~o~A~C*ITH12le\E.O~OI ~R ITEI2t4 Cl l 
1< I C L C C ( I A l ' I C L OC { I B J ~ A L 0 D t , -H Y P ::: , I PAT ' P•1 A T ' i'K E ' N C 8 
401 FOW..',H 1 1 1 d7 ,\,A.3 dx,t<3, S<2X,F6 ~3hA9ti6d7d5d8l 
00Gi.,;4680 


































rc: (ITH (ll. '~E.CeO~M\D .!T!-'(2l.EQeO•Ol •,;R ITE(2,'+02l OC005030 
~q C L C C ( ! A ) , I C L 0 C ( I B J • A L 0 D ( 1 l • J\ L 0 D ( 3 ) , A L 0 C ( 5 ) , fH Y P E , I P ,!\ T ' 0 ~ 0 0 5 0 4 0 
*IMAT,~CE,NCB 000'5050 
4 J 2 F o :< ., e. r ( 1 1 d 7 >: , r'. 3 d x , ,::., 3 , _ _2 x • F 6~ 3 , ? < 1 ox , F 6 • 3 ~ 9 , r 6 , I 7 , r :; f r 8 1 o o o s 5 ·J o o 
r::- tiTh(lJ.f". ) , ') .... ;;rw~ IT!-l(2J ... ~E ~c~ ·:J l 
* '''R IT ::. (2d 0t l ICLJC(IA) t!CLOCI I 3 l, 
1 A L 0 !' ( 2 l , A L 0 D ( 4 l , i·, T Y P E , I P A T , I , .~A T , ,. C E , i K B 
3•'0 F') :~ 1<\T (l ' tl7X,A3dX f :l. 3t 2110X~F6t~3lt Al7d6d7d5d8l 
~~ I-E 17,42 0 l ~;ECA t ~qEcS . ~PECC t!CLOC(IAI,ICLOC(Iwl ' ALOD , ~C~Os, 
~q PA T ~ I .''A T , ~iCE , NCB 
420 F ·"R ,i.t-\T (/~2 , A3 ,I2,2/;3,5F8 a3•.tl1,215d2d6) 
2 co;\, T H :UE 













00005 16 0 
00005170 
SUBROUTINE CHKDWIIW , IONEt i PH,J~l 00005180 
c 00005190 
c 00005200 
C ARGUMENTS Ii - INTEGER ARRAY I~ W FORM REPRESENT I NG DIPLOID SET00005260 




Jl·i- INTEGEr~ .b>.RRAY II\ ~-v FOI~,·i ~EPRESEIHI"'iG I1\DlVIDU.A!...S00005280 
POSSIBLE DIPLOTYPES. 00005290 
00005300 
C US~GE LI~KAGE 00005310 
( 00005320 
C REQUIRE'1ENTS ~ORN,ZBOOL•R~KWtE8W 00005330 
6 
7 
DI 1•1ENSIQ;\l h/ (lQ~,JEJ, .J\v l iONEl 
IF (I 0 ~i) :;,6,6 
CALL f00 II~,ION~,JWI 
GO TO 7 
N = I~-J(ll 
K=3 
DO 5!'·0 I=5 t\ ~ 2 
L :::;VQi~~·: ( Hl ( I ) l 
IF (J) ;)·-JCt2,5C1 0 
? C 0 1.,i T I '( .. ! E 
K = K + 2 
J ,,J I ·< l = I k ( I l 
J 'ri ( K + 1 l = I '·1 ( I + 1 l 
500 COf..; T I ~~lJE 
J \'J ( 1 J = K + l 
J!d2J = I\<(2l 
J\4t3 l =o 
J~</(4) =0 






















SURROUTI iJE JHv: (HI: ,r- .d f·lt !)', d. 1 Ii.tHA'· l 
INTEGE'< H\:J(...;.:JI,. l ,D~.(JwiNl ' riA\v (~,\-.F·d 
·;=o.,' 1 l 
'<=1 
00 1 I=5d>H2 
K=K+4 
IF (K-81)2t3.3 
3 H ':.. t-: ( 1 l = '' -1 
CALL R1~ 3v·: IHA..:tt·~ v..Jlf·l 
f: =HA'1\ ( 1 l +1 
2 CONTI·~JE 
'1A\! ( K l = EQ ( D~:i ( I l ) 
H A. ! . ( K + 2 l = r" E"' ( D •;J ( I ) l 
H A\.<! ( 1 ) = < + 3 
.,1'-J=H1J ( l l 
DOt~ I=5,\Jt2 
r>O lOC .J=5t'U-H2 
IF ( H/\',.; ( ! l -H\ ( J l l 1 COt l ~ l t lt'O 
CO TI~UE 
H . .e. \t; ( I + 1 l = - 9 9 9 9 
GOTO 102 
1 0 1 H A t' ( I + 1 l = H <: ( ) + l ) 
102 CY.~ T I \iUE 
4 CO' T I ~wE 
~A !>J ( 2 ) = H '•. ( 2 ) 
HA!i (3) =0 



































D H W 
6 
5 
SUBROUTI NE ELl~ IIA' MAR ~LROW,LCOLt!WtiiW,IPl 
D I • .,., E r\ S I 0 N M A-~ ( L R 0 \·, ; L C 0 L ) • h < I !l:v l 
II=O 
DO 1 I = ! P , I i'·l , 3 
TI=II+l 
L= ,JH0"1 (! h ; II~v,VAR<l t! P·l) 
IF ( it1AR C IPJIA)) 6•5,5 
I F ( I I • E 0 • 2 • A i-W • L • E Ch 0 l C A L L Z 9 I T < 0 t 3 2 ,:; 2 ~ f•1 f.\ R ( I P d f< l ' l 0 ) 
GO TO 1 
IF" <Ll lf1,2 
2 'v~.AR(IP,IAl=!'-'AR( IPtl/>,l+2**(28+II l 


















E L I M 
c 
c 
C t\BS TRACT 
c 







THE w-~RRAY JW IS MADE EQUAL TO THE ~-ARRAY I~• 
I W - INTEGER ARrAY I~ W FORM 















DP1EN,<;ION l'f1 ( f\JSJ , J\:JPiSl COOC6030 
DO 1 I=l,N 
Jt;,(!l=I'I!(IJ 











SUBROUTINE FAMCAL I~REL , MAKRO t \I~Dl 
FOR K!NDREDS CO~TAI ' ! NG MC~E T~Ar O~E ~UC L EAR FA~ILY. 
DIMENSI0N ~qEL ( ~A· R0 . 31 
DO 1 I=l,\ii\D 
'' ,' E L I I '3 I = - 1 
I F ( '' R E L I I , 1 1 • E Q • 0 • 0 R • tt f' E L I I , 2 l • E Q • 0 I G 0 T 0 1 
J =I+l 
I F ( J • G T • '·!I .\ D l R · T URN 
[)0 2 K = J~'lH~D 
Ic:-( \',"'SL( I tl l·i·~f.l·f:REL(K d l )GCTO 2 
IFI\REL<I•2leNE.~REL I K•2l J GOTO 2 
·~ R E L ( I , 3 ) = K 
r;orc 1 
2 CCl''-!T li'iU-




















SUBROUTIN~ FCPG~,· p.~r.~. ·'ARR0 , ~·1AR CCt!A t i~,~'~ PlD, 0 PtPC'w'tNOl 
I~T~GER ~PI6l, PCWI\01 
DIMC:1 S!Of•' MA'? (fviARRC,i\t<\'"'CCl 
PC•·: ( 1 l = 0 
PC• ( 2) =1 
:\C = ~.I \)-6 
DO 1 I= 1 ' fK 
l C A= U' A Q :<' I iv;A'"' ! I , I ,-:_ l t fv; A R ( I I P. ) I 
CALL A)DEW IPCW, NG tLCAtll 
1 co~.' r f\LJE 
K.=C 
I=' I "!~) -5 
DO 2 J=It N!\D 
:<.="'+1 
P P I K l = L '.!! .l', :"< 1". ( . ,'; £< R ( J • I I\ l • !·1A R ( J • I 2 l I 
2 CO".I T l,\JUE 
CALL Q~KB~ IPC Wt NQ I 































I 11S - INTEGE~ ARRA Y REPRESE~ TI ~G A ST~I\G CF W-A~~AY~0 0 J066~J 
LABEL - U.TEGER V,C' .... D '•:ITH 2 CHM ACTEf~ LABEL• 
J '. - I 'lTEGFP Aii~/\Y REPi~ESE TI\G '1. - .A.-<;~;~y. 
000066<;0 
CJOG6 7 no 
r J06710 
C USAG:: G E NEi~A 1.. 
c 
C Rr:-"QU I ':(f.\1[\i TS 
c 
Difv!C.NSIOi~ L.:S ( K~vii·~ ), JVl t 1\1•F;l 
NC\.;=2 
N=l 
1 I F ( I 'ti S ( \ J - 0 l 2 , 3 , 2 
2 I F ( I >• S ( '•i + 2 l - L. A .. E Ll 4 , 5 ! 4 
4 \ =··Hrt:s ( N l 
GOTO l 
5 ,<.1 = I ~·iS ( r·, l 
DO 6 I=l• :< 
J~\ ( I l =I liS ( N l 
6 '\ =!\ +J. 
>:(ET UF~N 
300 FOq·'/.IT(lH •' Ac;::::;-\Y ;>! !T i-l U\Bt:L. t-1C T FOUf·'~'"" I \ I'··S 1 t4X,A4////;/) 


































SU3ROGTii1E G"'i300 (IG;,-1, I DENI 
ACCEPTS BLAN<• 0 OR 1 AS RESULT FOR EACH TEST• 
ANY OTHER CHARACTER CAUSES T~E WHOLE GM SYSTEM 
Dii·1ENSIOt·~ IGr·-1 ( 12) 
0000~- 9 50 
00006960 
TO s::. INTERPRETED AS UOOOJ6970 
I ,T::.GEK ZER / 1 0 1 /t SLK/ 1 •;, ONE / 1 1 1 / 
DO 10 I= 1.12 
J= IG!i (IJ 
IF IJ.NE.ZER.A~D. J.NE4BLK.A~D.JaNEeONEI GO TO 3 
CONTI~UE 
!DEN = 0 
IF (IG f-1 (ll ~oE O eONE e Oq . l IV.(lOl .EO.O!\E) IDE\;= !;)EN +32 
IF (!G f'J\ <2l- ONEl 12tlld2 
! OEN = IDE!'-l +16 
IF (IG!"1(3) eE '.h ONE . oR • IGtv· (4l .Eo. Or t: I IDE\' = IDE·\J +B 
IF (lGiV: (6) .E:d• ONE • Re IGr·~(7l~E~·0i'lc) IDEN = ID~\~ +4 
IF ( I G~"'l ( ll ) -0 1\ E.) 1 L~ tl3 d 4 
I D Pl = I D EN + 2 
IF ( I G:'·';( 12 I - ONE) 20d5t2C 
!DEN = IDE\ +l 
1 F (I DEN l 3 f 3 ,9 
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..JV..i. ..,; 
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::4CC T 




T R A " S L ,~ .,.. 1 ,:_;. '~ 
F"? F?ISC'iY 
t'. "· i ·'l, ! 3 
.'j(!' =3 
F> = T 0 
''}F J 1 E ,,~ C T Y P F .S 
A L~L SIS. 
)~'-~2= 2 
I' I I 
Ii= tiP -I"·l) .',<1,1~ 
IF (I? ·-I"'2l :,1,2 
! F ( ! ; 
-~ph:: ;· :: c 
}() TC 9 
:.. :F ,rc -r:: l ( ,s,·s 
U"'= -1 
1 , 




c· E :·::J'-\t) r·· . .,.;::c:·'<s 
~Fl,U: r:;:;:·:s:"T :: Ff;., CPt-IS:-. 
0\ C V'~!I 0 L~S 
II :-UP 
s 
D? .- . T Q007 
96 
G PH EN 
II DJi-
G EAD 
-'-> A:"'R 5474 "OC3 
/I ;=; 
~LIST -nu~CE PF G .A 
* •E 'Oir I'.T:::0cRS 
S J ., R.0-1 T I ;-.: ~ -'"i ·' r .::., D ( F t\ · , I ::, l 
C ~"')UTI'•E TO 8C usr.n I'" CO '·.ECTIO': '. !T i-o ~IG 
r 
.... C~A.C~ IS An ~ · FOR'ATe 
T :E "I C/c'! \....:::EFULLY -,- STO?:::·) v"' DIS'/ 
~EA~ (2-ll F.t..~,! 0 
1 F;-=-'AT (,:::;>, A3; 54.: , /',: ) 
· :::ru~ .. 
~FATJcES SUPPnq rE D 
Oi~E , JP~: I ... ~TEGr:_F~S 
~2~E ~EG~IRE~f\ TS ~CR G~EAr 
C:.>'' .C· -. \i\R I A~LE.S 
I I '''UP 
*STO":E ;!S 
C.~.RT ID C!OlC CC} C' T 
G R E D 
26 
?A(;E 1 
I I J ') 
.... 0- D·~! V: 
v IIJ "; 
(A~T SP~C ~M T AV IL PHY DR 1VE 
001~ vCOO 
·'2 'lv .4C T Jt L 16 CG. FIG 161( 
I/ ')U' 
-!<Dr: L[ 7 c- "',SUPP 
~,:.'~1 I) :;;')1~ r;D A'J .-~7 l DP C,T CC35 
I I r ,;, 
-!(· ". '~ E C.. ::J ) I T ;::- (.j t S 
o~· LY.:: ( ,.. . \ K 'I , T Y P E IT E · t r-: E Yo 0 A v d 1 3 2 P I • Tt. , u I S < l 
DI. FI~SIO\! ;:'.\ LOG (1 C1 l, FLOG (2 Cll 
C I. ~. I f-' c ;',X , I P c •.: Y ? I i' S , I PC , I P ~ \; • r A C r t X It , S I Z E S , S I E, i ' S l Z. E L ' T I C i< ' 
1 S T r P • X ..:> ~· A C t I P ~. A , I T k ') E ? 1 .~ , I t:> C , I t3 Y T E t I 8 t. S E. , I ' .. : E T 
CfLL r'LTS (7l 
C\LL FACT 12. 0 l 
c . = :3 
,CP = 2 
.c~ =2 
, /:.. ' ( . ,( ~ , 2 -~ ) SF T , I P C. 
2") C'OR''AT ( 2I? l 
,_ z-- r-< 'iT z E ;. t ~ H L L" 'iS 
(rU 3 I = 1 ; 10 l 
~ FL)"i (Il = ;') 
c 
fC:A'i "J ... ~T'"". C'= 21 "" /'<,. DS 
D' 1:-, .~ = lt\SET 
. .~0 l I= 1 , 96 , 5 
J= I +4 
EA" ( ,'(("' ' ~ l ( ALC~.:~ I ' l , K :::: I, J l 
FOR ,:.1 T ( 5 ;: 1 l '· t A~ l 
1 CO TI'Uf:: 
~..:'-A) ( '~G< , 7 l ALrG ( 101), ,V;A .. 'E 
7 FO.'\· ~~T (E.J3.6• 52Xt D,3) 
,.. 
..... 
C '"'~y TO F I •. AL '- OGS 
l1v t+ : = l '1 u 1 
4 FLC,... (!)= F LCG ( il + A .... JG 
C E-u !\)h< I TE. S vF B 
c 
22 
D'-' 3 ', I = l d ~n 
IlJ;.~ = l,..J/ - I 
A L' G ( I l = :-L OG ( Il 0 2 l 
F I I') ., A), L • ": • 
~='V ;.\ L = 0. 0 
A Y = ,· L 0 G I 1 l 
')0 (' l = 1,101 
, r- X = ALi~ { I l 
I F ( AX - t. . • ~Xl 25,22,22 
[VAL = {I-ll -;< • "l 
U: = I 
{\ 4 A X = ~ <:.~ /, 
25 C'Y\IT f ,.'Jf 
C Pll ~'H I F li:';·r'-l =J. 
r r: (! P · c!"l -ll 41,40,'+1 
4. K.T ="' 
t T \ 
\ 1 I 
GSJPP 
:~-::-Ai; ( Kr<.-; 2 l BLA~; . -- -- -- ~- -~ 
)Q 1:.c r:: = ::..,s6,5 
!L = IF +4 
i( ~H = K n +1 
1ii'<l Ti: (r .. (p, ll'3l (fLOC (lh ~= IFt tll, AriMv':E, :<~-..T 
113 F OR'N. T ! 5 E 1 3. 6 t.ll. 3 , I 3 l 
llv CJ~, T H· ~JE 
Kr~7 = :..1 
•rJRiiE (~'l(o, lJ.L•) FLOG (101), A;\A :vE, K'H 
llL+ FO~~MAT (El:3t~6, 52X; ;.\3• I3) 
c 
C G~T L01S. 
41 ~~ 1?5 I= 1~101 
1.?5 FLOG (I l = FLOG C I) -A \~AX 
( PLOT 8 AGAI~ST SUPPO~T 
i)~) l3!i I= ldOl 
ALOD = >="LOG I l 
X= Cl.- .. Jl ;~ CI-lll * 2a0 
IF (/\LOD + 5v0l 130, 239, 239 
239 IFC KP LOT -1) 2itJt241,?40 





i<.PLOT :::: 2 
GJ TO 13() 
C.I\LL PLOT CXt ALOD, 2) 
CONTI~UF 
C·\LL GFRA•' co.o, -s .. o, 1.c, J.o, 2.0. 1.0, 
C PR! H LOG UK 
1,,qJTE CNCW , 50) P..\ . t.f\i·E 
5~' FOi\i-'1\ T ( 1 1 1 !Ill LOG L I KE:LI HOOD FOR ALL VALUES OF 8 ~\ T THE 1 t 
3.t\3, I LOCUS' II I I' 
:_ 21Xt '•:JJ 1 t 17X, 1 .. 01'• l7XJ '•02'' 17Xt 1 .J3 1 t 17Xt 1 .0.:.,. 1 /1) 
Y= - o .. os 
~~ 51 IF = 1t96t5 
I L. = I r:- +4 
Y = Y+ ~o 058 1. 
\. '::: I T;: ( \ C ..J ' S 2 ) Y , ( A, L () G ( I l , I = I F , I L ) 
52 FOR"/AT (3X, F4~o2~ 3X, 5E2C~t6l 
51 COi':T f\U::: 
Y = ltJO 
•:n I H: ( i\iC ~,· ' 52 ) Y ' A L 0~ ( 10 l ) 
C FI~D 2-U~IT SUPPORT LI MITS 
A·.-1 = J.c 
A,.::; = 1.0 
C TO THF LEFT JF ::vALUATE 
f)0 flO I = ldOC 
IP = r ; -r 
I'- (JP -ll 70,70t61 
61 IF1-ALOG CIPl +A~;/IX -2 .. 0) 60tf:>2,52 
62. Avil = liP -ll * .01 
GO TO 70 
60 CO\ T I '~UE 
C TO THE RIGr-lT 
70 DO ~C I= ltlOO 
IP = I' 0 +I 
IF ( IP -101) Bl ;9 0 ;9() 
Bl TFC-ALOG (IPl +At•iAX -2.0) 80,82,82 
82 A'2 = (IP -ll * .01 
G:J TO 90 
SO COt'. T I NUE 
SO \'!RITE ( \·CW, 91) EV.AL, A·•H' .A.M2 
91 FQR MAT ( 1 0 1 //3X, 'EVALUATE A\D 2-U~IT SJPPO~T ~EGION= ,, 
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CA~T SPEC CAQ T AVAIL P~Y D0 IVE 
~( 1 G 
ACTUAL 1~~ CO\FI~ 16v 
/I DJP 
r:TRiC 
CA?T !') C010 :: 8 ~- c () < 5 4 /' ( DB CT O'J2E 
II -::o~ 
-:~uc:r SOU~<:: r:.JS"A'' 
-q or: S ( (';? 0 ~ T Y :J F': ~ I T E R , KEY~, JA S' 'J , 11 .3 2 ::> ;~ L'; T Er~ , 2 I 3 '< ) 
i.~~; .. E ~!~'~C' I'\Tcr;:-:qs 
JI·..t;.:·rlSI ..... ~\ ;.\AL~" ... G !l r'l) 
,... :) ' ,, (' '; I f) ~=" :~ X , T :;) r;· \ Y , l P S • I c C , I P C< , F .:~ C~ ~ ,'C ' ~ S I Z E c ' S I Z E.: \ , S I Z E L ~ T I C < , 
*STrD•YSP~(,ID\~~,:TA~E,r~, I SC,IqY TE'I~ ASE JI V~E T 
. ~ ~ J.v~ 
1 ,, 'I 
..... ;......: 
(·1Ll PLT,S ( / ) 
C L· L l r:- /' C T ( :2 i! r1 ) 
C t. L L .- F ~ -~\ 
'[P = 2 
. c, ::: 3 
)1 112 I~=" = lt06~~ 
!L = IF +4 
(/>;\LOG(!)~!= IF• 
cr:'\ T I .':UE: 
~ r= ,A.:.. ~ ( .\: C Q f : 0 ~ ) /~ l L C (7: ( 1 11 ) 
'!'! \ 
.l i.... I 
R;::A'J (1\\r~ , 4S ) :.,,;i,"',;:,.-:·,o...;,~I ,co';E 
4 () != r:: r.\ } /. i ( 7 r: "'~ • ,.-·. ; 5 1 X , ;:., 3/ I ) 
2:!. ._r-.ITE ('('•' 23) A!~,,...,,r=,:::-,H,C ~ , CODe 
2 '3 F 1) 0 ~A 7 ( ':'\ \~ ' I !• ' ' 5 X ' I ;::: I J 5 X ; ' -' I ' 5 >~ ' I E ' ' 5 X ' I F I ' 5 X ' I H I ' ? X t 
l ' I ' I 7 ;= ", 11 l , A ( ) 
(:\LC:!Lt.T: LJ--:- !_If'~, 
",..) 2~· I = ~ ; 1-:;1 
31 C = C."':l -;{- ( I-1, 
rr= {C) 40J,4o: - 4;·~ l 
·~C"' AT = .:~ + G I 
)F = !'""' + ;:" 
4C3 
L!.C 1 
I F ( t.. I l -4 :13 , t:.()3, 404 
I<.:: ' )FI 4'2,402 , i,.C4 
= ( .A. + GI) ~i- t'L:JC 
G'J TC: 4t;5 
4:""' ,_ /\ L = 0 ,) 0 
G:·~ TO 405 
L:.'; !..r .f.:, -~ 03 (!) = -:~9~99. 
GC : -: 2'-• 
ICI21 + (D+FI * ALOG IC/4) 
L~5 AAL~: III = ~L + (8 +F+HI * ALlS (SE + C/ 2l +A ALJGII I 
~ 4 CC)\J T! \lfr= 
,.. 
·-( o~r··r ~\D P~~ -C ~ ~~SULTS 
:,c , ·i~ r r E ' ... c s, , 11 1 > 
111 f=' )-;.A T ( 1 lL.,.;G-LI<ELI'-'C~)D VAL'I!:.::. 'J 
1<'/I·T =C 
1 , /' 
.s.. ;-,..· fF = 
! I = IF +Lr 
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I I JC,. 
~CG ~·'<I',JS C~~T AVAIL puy D~IVE 
A r~ """: 
~. ,. :..; 'J 
V2 'l(l 
// .J:_;p 
D3 CC CT 
I I F·)~ 
~ci:".(S(CJ.\ '~..,,jYPC:i~-ITE:"<,KEYBO."'<D,ll3~ c::<,r·,rE·~~C)!S!() 
->~c· E' ·::RO I , TEGER-S. 




TRIS~ Y A,\ALY5!S :=c:? )I/~LLELIC D:)'';L-:..::...-·r-::(ECfSSI\/E: SYSTE''o 
I .'PUT 
1 = ~O~US ,~!~. E ~ 2 C )Df:S F=.J'"-~ 0\'}< P~-iE:;, 1 CQ!)E ;=o;~ RECCES ?.-:~ ·1 , 
1 CJJ:2 F'")-, J r ... "-.~J\:~ ;:;HE',.~ P;;::~P~·'"'Tl=Ji·~ '"'F D'J. ;:.LLE:LEo 
::: C' ~. :., T ( A 3 , 1 ;:; t <t.f:., 2 ~ F 3 a 3 l 
C l01 ~:-~\1!,..)'1~: L-~~: LI'"~LT:-1(~·'""SS Tr. ?:: ADL:ED TC, CUP.REi'·-:T ~LJ~i (5El3~G) 
r::::;;:-; '::'CH F.::.:.'ILY 
C C /\ ~ ') · ·' = r\ L .; !' • .::. 
C JUT.:J 'T 




I . ,: T ;: G ~ ;-{ ~PH:::-.: , P :--: 0 3 S I 3 S 
·n;::r1;:r; :J,-'03~ ( 9)' P=:o::-;:< 9) 
::>T 1 '0. ; I P: '-'X ~ I P E :\ Y ~ I ::, S ~ I F" C t I PC\ t F ;, C K ~ X';' , S T Z E S t S I Z E: i'>l ' .5 I l E L. t TI C<. , 
l S T f P , \ S P A r , I f"J • ; A '"" , I T .~, P ;:: , ! 3 J I ? C , I 3 Y T :::. ~ I E . .':.  S ;:: ' I ',: · : E T 
::;.q ,A '] l ~<'. I I I I 
C. L L 0 L T s ( 7 ) 
C!',:_!.... F .c\CT { 2 u C•) 
~. CP =2 
"-~CR = 2 
C ~:: ·\0 i_CCUS f,l'\~·:·E, PU\Ch (CJD~S f~"'.i) P~OPORilC\ ·Jr. DJ~·'ii;\JP.f\T "'LLELE 
'7'::£~:) (;.;cp, 1::~~)) co: ... E, ID:');\'l' IC':J?-.,12, Il-~Ec, !BLt.c:, P 
1 r.; ~~· ~ 0 ~ ·' ~, T ( ::, 3 , 1 ~< , 4 A 2 ' F 3 • 3 ) 
R I T E { \ C ·. , 1 :J 1 ) C 0 :' E ~ I C 0 ~ ·~ 1 , I J J ': 2 ' I R E C 1 I 8 L Y .. ' P 
101 =a~· ~T ( 1 ' , Aln, l~• 4A3 t F5~31 
G T R I D 
IL = IF ..,...!<. 
~:Ai i c-:, lO::'l1A;';.LC:3 ill• l = rc::, ILl 
: J 3 F C'" ~·A- i 5 ' ::. 3 • 6 ) 
102 ·::U<TI' JC 
-:> ~ ~ ~ ( ~-:c ~ t 1 C 3 l A A L 0 r: ( :. () ll 
zc:-·'"'!Z.=- ;:.Ro~~A..IO C'J'i .. ,T FC.:< i'-'IS 
D':: 11? I= ~,e; 
P\C-:1 (ll -" 
115 P<)~R (I) = 0 
l"")l 1 ' 
'~ ' 
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3 c,.:..._L -::_:('CA'"' (f,:,,", FATl 
If= (c:-A; -·-:L<l l '•60tl7 
17 IF,\T = GPr,:=:· (C:;.; ~:f IFt,T, I:Jc·· :, rco~z, I:::EC) 
CALL ,..i'CA': (f;\;.·, ;:c Ti 
·':) = (;"JHC:, (FA··, v')j , I)::_ ''1, I :JC''2' I 7{•=-c J 
(LILL G'~i'"·/~.[:· ( ft\ 't ;. . .-')[<) 
·")':<~Jl = GPH':~~ (F/:... ~ , ':{()3; I)~>·.-·1, I~c·v· 2, !~~EC) 
IF (p, • .::,· l 2•31£,.~':!14 
314 ::: ( 'C il 5f4";'J,t+ 
,... 
·-
2 C.i..LL s;~;::P..": (FA'·1 ~ :..)T ) 
If= (FA -'"l!..' l 2 ~::"2 
,.. 
'-(--------------------------------------------------------------------------------
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403 I'-')X = 'J 
G) TC 11 
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o I',1X = 1 
r;o TCJ 18 
GO T('· 1:) 
.~v r·J 10 
r:= ( It:I.I,T 
:..3 r .jl")x = !.J. 
~-; TO lC 
l? I~-:~ X = 5 
·:-,o i ;) 1 c 
11.. r .~:x =~ 
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p R c 3 ' ( I 'I D J< ) :: 0 ":{ 0 E) ( I t-! 0 X ) + 1 
..3C T J 118 
?~J~~ IINDX I = pqoJ~ II\DX I +1 
ll~ .SI'3: =') 
C SKIO T·:J ·,r~xr F/·\~-r'ILY !F ~-'G T :~c~ IS ~~~CESS!/Ea 
I'= l<~il l 3 t2d & 
l ~l CALL ::; . , r:;: ;\ ::' ( FA·: , <! :'i ) 
l~ L I~·.::: GDr·lc·-·l (F.A ~ , <Ic~ I"':Q.'· '1• IDC).\)2• Ir~EC 
IF (',!D) 12,l6t2:' 
2, .. v 
c 
C SET WP LIK~LI~OOD FU~CT ION 
14 RSI~ = SilS 
f)(' 71 I = 1 d 0 1 
C = (I-ll* "'J1 
c ,.., i -) ( '~ 1 • :<:: ' 4 1 ' L,. 1 ' l~ 2 ' L~ 1 ) ' I i\i ~; X. 
C CALCULAT~ Q(l) 
t.1-'~ r'HET = l• 0 
t:""' T·:J 45 
~4 )~G = 4.0 **I~SIS-la~l 
1 + 3oJ ~~ J2 .;(- (3~2 ?~ .. ~(. (f-<SIR·-1~0)- 4~C ~-:·~- (f0SI3-lgJ) 
2 + ~*2•0 *~ l2. 0 *~SIS -1•01 
?r'"FT = 3.C ~:~ <SJ8 ~~ ~2 I ~~E\J 
~5 ~(1 )= C* PH~T *0.~5 
0,.l TJ (70,1..:,42,5·~~t.,.2_,421,I;\):.<: 
C C/'<LC 1JU\Tf :>(?) 
'-2 IF ISL;c; ) t+6,47t47 
tt.. tJ!..lf .. T:: laO 
':1 TO 4" 
:+7 PHET = 0 I I';+ {2 .. J ~~-* IFSF) -l,.()Jl *:C) 
4 b ~ ( 2 l = C -l(- P !· ;: T * C 5 5 
GOT·,..; (7~·,?"",~3,54·t5·5,54)t I'\10X 
C CALCULPTE R13l 
53 ~(::,)= DwC.- G2) * R(l) +- C,271· :;:2) 
G0 TC (7{),7:);70J54;S5;5t.); l'CX 
C CJlL.CUL.A,TE.. ?(t.) 
:•t.. P'-1ET =()I (C + (2.0 -:H( (::.;:!3 -l.CJ)) -:<-p) 
~(4) = ll~C-221 * 111) + C2 * PHET /2 
G 0 T r~ ( 7 ·~ , 70 , 7 C! t 7 0 , 55 ' 55 ) ~ I :\ 2 ~~ 
C rALCULATc ~(~) 
r; ~ ~ ( 5 ) = ( l. : -:.) 2 ) * :~ ( 2 ) + ~;2 
rr: trr..::x ..... 5, 70t7r!t5'S 
C CALCULATE ~lSI 
56 >(6)== 11.r; -021 ''*" R\Lc) + 02 .;~ .dSl 
C CC VPU TE LGG-LI~ELIHOO~ 
:; rr=- l?:=?ci; i ;;,57·5c~ 
'"'7 IF (I=< I I 'E.'X I l ;;.r10;?J;J,30l 
30C ·\~Lo:: 'I) = -s ~ :.;!s·9~:. 
GO j·J 71 
3Cl t"~L'iG(Tl = t..,LCGI ,:((I>D.>:Il + ,;/l.LOG Ill 
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GIVEN 2 ~-APRAYSt HAW t HBW, REP~ESENTI\G HAP LOID SETS00007210 
T '-1 E Ai~RA Y DAbW IS FO,~ ·iED R:::PRESEilT I \1G THE ) I PLOiY r:-;:: AO Ou07 2 2 0 
FRO~ THE 2 YA 0 L0IDS• 00007230 
C A '":GIJ,v'E r,n S HAW - INTEGER ARRAY IN ~ - FORM 
H W - INTESE~ ARRAY I~ W-FQRA 








I SHPIJ • Ri'{KBW 
I :-.n EGER :--!A\·1 I! hA) • H8!tl ! I HB l , DA8h (I D/~8 l 
NA = HA~J I 1 l 
K=2 
<=3 
DO 2 I=5;\JJ.\ t 2 
A f\ = HA \'; I I+: l 
DO 2 J=5 , :JS ,2 
( =K+2 
DAB~(vl=lSHPU(2,HA~II I ,H GhiJ I l 
T~ISO~Y - A=AA*~0/l~O.+J,5 , LIN~AGE - ~=AA*AB /10000.+0.5 HHD~ 
PROP= AA * H3d IJ+ll /1 0•0 
IF IP FWP LE.l.Ol GO TO 3 
~AAW (~+1) = PROP+~5 
GC TO 2 
r>AB\:' (!<+ll = PRCP + 1~0 
2 CJf-:T I N,JF 
1 co.n rt~u~ 
I).A,B\,1 Ill ::: K+l 
DAB.tl (31 = 0 



































H H D ~ 
2 
1 
FUNCTIOh ICOMPIIB, MASK J 
I C0!\.1P =O 
IX=O 
,) =<, 
)0 1 K=5,32 
L=O 





















I C 0 M P 
FUNCTION ILEQ<I I 
c 















THE I AND L PA~TS OF THE ARGUMENT WORD I ARE PUT I NTO 0007780 
L AND L PARTS OF THE RETURN FUNCTION 0H ICH IS I NIT!AL00007790 











CALL ZBIT (I , 5 , :l;ILEQ , 19) 







I L E Q 
SUBROUTP1E IL c; ILOC;LJ(I\f.r·~tt:A,~,;>'iARW ~ .-iAR COt ,~If'D ,LCAl . 
DIMENSIO~ ~AR IYAR~O,~ARCOI 
lFI ·'ARI'-liND- 5 ,L OCl •L T .. O . oR.t·iA:~U·JT\D- 2 ~L OCl, TroOIGO T'J 9 
tt'( I D=N It D-6 
L=O 
't\ =0 
CALL Z~OOL I~ARINI~D-S , LJCl, ~ARININD-2t LOC) 1 IP A~ t71 
DO 1 I=ltNKI0 
IF ( ¥AR { r, L IC l • L T . o I G~lTO 1 
D02 K= 26 d2 
C CHECK tACH TEST SEPARATELY 
CALL ZBIT (lP.ti.R;K , K Lt32l 
IF IL.EQ.ll ~0 TO 2 
CALL ZEHT PAAR I!,L OC ). t Kt~·h32l 
! F I M. E.U . 01 GO TO 2 
~J'RITE ( 2 t2 00l It L00~.;;v; 
200 FORivAT ( 1 CH!LD 1 t 13, 1 APPEARS TO SE ILLEGITIHATE AT THE t, 
->:·A4 • 'L OCUS A~'lD ;''ILL BE IGNOPED'l 
DO 3 LC= l~LCA 
3 ~"AR 1 r,u:l =-a 




GO TO 1 
CO~·• T li\UE 





























I L LEG 
c 
c 
SJ8iWUTt \E I~., I i"i 
I~TEGER CO~B / 1 1 / t CON7/'YX7'1' C0~8/ 1 XXB 1 / t C0~9 /'Xx;•; 
-* Z.ER"'/ 1 ZE, 'I ~ Sr.6/'~H6 1 / t G'' / 1 G.!: 1 / 
f)I't.f,.SION IC ')L ( 7G l 
D I ·: E. · S I ~N I R H I 6 l I G '' ( 12 l 
DI .•P-iSI t-1 .·1RE U150 3l IT Rr'ICK: I 150l 
I 'TEG EP AR ( 70) 
DiiYIENSION I)S~.T (26l 
I ~TEGER ~WS ( 7701 t AP 143 0J , JP(h30l 
D!:0ENSIO:'~ '<A~' ( ?6 ,7 J) , ,'A~·K (15 dOl 
) I ~E~SION LOCIS0l,ICLCCI70l tJ ~STISll 
I~TEGER AZ.k0 /' 0 1 / 
COr· ~!tOi\i i'~RE C ''''RECA , ~ RECB • .\t-<E CC ,NCA '~'~( '3 ' \ CC t .\ CD t !•j CE F ·. CR • NCW 
ltLCA;LCS•LC(,LCCtLCE 
COi"''•'vf" NL, . ..r.,D,w·.A~ , ~;,$ , LJCt JPJ APt JPST t ICLvC 
( 1')''/jiv',Oi'' I 'li ,,j ' J:t.J ! ~< , K V~ I .-,. ' ~~·.1} I: ~ P' c\?;;; ·) t t1•Al';( (Q t I POJl 
E i.IU I VAL f:: N C E ( K Ii'' t\ ~ N R E C 6 l • ( i· V. I D ,-.. C E l 1 C '~ R E C A ' I STU'·~ ) 
I II\ D= .... 
!0= 0 
"'L~KRO = 150 
GO Tv ( 800 ~7 22 , 8 ltNCA 
C IF 'KA .EC'-1 I l!T!/.I.LIZE t->OP~·!• 
C i-.! ~AD T 0 S E E I F (Jl,!.( ) 2 A :--1l / 0 '=, 3 A 1 ( E T J BE REA C) 
80'l '~EAD ( ,'lCR t 7 J4 l I CA:-:2, I CI.\P3 
704 FOI· ~·\AT (2!11 
C READ WHICH ~ARKEPS ARE T0 BE A~~LYSED 
r<EAD ( 1KR ,/OOJ ICOL 
700 
922 
FORV,~ T ( 70 I l I 
~~R ITE I ;c,;; •922 l !COL 
~JR~AT 1'1'' 70111 
LCA = G 
1)0 701 ;,::: 1•7( 
701 LCA = LCP. + ICOL ( ,· ) 
C READ TITLES JF ~A~rr~s TO BE ANALYSED~ AS I'\ DICTI ~ARY . 
REi>.:) ('K;> d02) I I C L· '( I ''-~ l , ·~= 1, LCA I 
702 F8f<.'!./\T 120(. 3dXll 
~tJf<ITE ldO:dOll LCA, IICL"CIIld=l•LCAl 
00008190 
OOJ082CO 


































101 FOFf':AT ( 1 0 Tt-!~ 1 , I3' ' LOCI A:·',~.LYSED FOP TH:: F'OLLO\vP.JG FA,:.rUES A!-<t:OCJ008550 
* 1 J13.A4/ 1 1 ,5z.>;,1'·f4/ 1 1 t52Xd3~-<4/ 1 1 t52Xddfl.4/ 1 1 ' 52)<, , : .A.4) ()QJ0856C 




C IF '-lCA .E0 •2 
722 '~CA =3 
\f"'E.CC = 0 
KF-JD = 0 
I~PUT ~~~ KI~JRED 
C ZEROIZE '\U'Af.:J. , •.fjJ\R"• 
c 
~0 = \U¥AR (ZERQ,ZEROl 
;)0 b05 K0= ld S'· 
C i~EP.) Cr'I.RD 1 
705 RE,..\D ( f,C::<t703 , E\D = e60) IKARdSTlJ:)dlf'J, ~Y!-';) t 'YFA T• '-'YV,IJ T,-<~8(17)' 
* AR!llt t:·d2 J, A'·H3lt IIPr-di<OitKG = 1,6l (~?L<Jl,KC.. = 5,16) 
703 FOR~AT IIltA2,A3,3A4,2 YtAl,llX,A3tA4•A2,6Al,lX'A4•2X,2A2' 
























IF ( ~ Ii' -C vf~3 J 710 '8 C 2, 710 
KPlN = KI I 
ISTJf\= ISTU;) 
IF (I KAR-l l 711 t 818 t 711 
IF (KI'~.i·E.CO"'J7o~PJ-.)• ~I•':•i'iE.cO,l8oA-lC'lorr i<If\ •"-JE .CON9) GO TO 807 
IF (KIN.EG!.C0'i7 l C..\ =7 
IF ( K!r~ . EQ.CCJd8 l 1 CA =8 
IF ( . L'hEGi.CO.·J9 J NCA =9 
GO TC 9 
GC iC 9-
CALL RHB00 (l~Ht Aq (4}1 
~.I N D = ~ U '1 A 8 ( K ! i'l t 1•1 Y I tO ) 
:--1REL ( .INDtl l = M/,'AB t'<li' l ,: YFfiTJ 
':\REL INii'·.D;2l = '·!IJ;'·~AP. (K!i',: Y'.t;·JT) 
C COJ\D TdE •\U>'':3tR OF CA~S qr::AD p: 
I IN')=l 1:'-Jf)+l 
c 
C i~E.t>..') CP..RD 2 
706 IF (ICAR2-2J 708;707~788 
1q0 l 
709 FOR~fT IIl&A2tA3;A4,5A2t2X,26A21 
r r;,- ' i < A P • E ) - r c A r 2 ,;i\ .\ o • r .s T u ·H u~ • I s T u D • l• :,: D • K PF·~ • c. r:~ • I( r ~ • tvm • 
*MYlN~.E0.~YINDl GO TO 70" 
7 11 C ~) -; T I ;\: ... ' E 
ISTU., -=1 
f<EA) ( \C:< ~ 777) :<IN 
F 0 '={ ;',11• T ( 3 X ' .L\ 3 l 
I STU 'J = I .S T!..h + 1 






























t'>'RITE (,-JC',;J,7l2l !.STUN 
F.Ji!·,r..;T ( 1 1' ,sx, 1 t'.ISTt'.KE If'i IDE'JTIFIC;\TIO~ 
*USED 'ti5, 1 0ATA CARCS TQ BE SKIPPED'/' 
*'I' TRY AGAI !; GCOO LUC'., 1 l 
00009050 
OR I~ DATA CARD ORDE~ CA~OC09060 
KI ;JDRE!) NOT Ar~ALYSEDOOC09070 
000090-50 
!\'(!-\ =2 
GO TC 9 
c 
C ;:;:E;;:,D Ck~D 3 
708 IF IICAr~3-3l 721,713,721 
713 REi-\D(i\CR ,71Sl I.<ARdSTUnt ;: I''''~' 'WI'.:\ , (AI:;:(K0} ,KO= 47~58), 
*IGt>1 110l, IGVH1l' IGr·1(2), IGf·.(3lt IGi1(12l' IG,/;(llldGr·i(4hiG:V1(6}t 
.;:-I s; ~ ( 8 l , I G :-: ( 9 l , I G · I 5 l , A"" ( 6 4 l , '"' ;~: < 5 9 ) , A R ( 61 l • ( A R ( K 0 J , K 0 = ::. l , 14 ) , 
7 ' C: . .I.../ 
c 
c 
*A I~ ( 6 2 l '~~ K ( 6 3 ) ' t M< ( :< 0 l , 1<'. 0 = 6 6 nS 8 l , t; ~~ ( 1 0 ) 
FORMAT(I1,A2,~3tA4,12A2t4Al,1XtAltlX,Al,lX•2~1'1Xt2Al,lX'Alt2Xt 
*A2,2X' A2• zx, A2, A2• Al, A2• A1t A2 ' A1t 4A2l 
I G ;,r; ( 7 l =,A Z C:: F<: 0 
IF II<A~ .~E.ICA~3.0Pa 
*~YIN~.~E.MYI~Dl EO TO 711 
CALL GMBOO (IGV, ARI60l I 
C CO;'Pf~ESS AR ACCORD I :-.G TO ICOL 
721 ty;Z =l 
D 0 71 9 :: = 1 , 7 0 
IF (!COL (,·n l 720t719t720 
720 A~ I~Z) ; AKl\ l 
v,z = '-iZ +1 




















DO 603 : 0 = 1, LG 
t-;ARf ( l I NO,KC J = . e.R (<OJ 
I TRACK UI ,'l l =1"'YI') 
GO TC 705 
r: CHECv THE HIG:-lEST NUNi3ER A.'D THt. C.A.~DS ~EAD 
I~==' (I J. EQ.I I C1J GOTG 688 
ISTU l=O 
GOTO 699 





C PJPUT BLA.l!t'S 1 !vEt Te 
8 DG 90~ ~C= 1,26 
90C ! )cNT 1{01 = CO~B 
DO 6 I=JJ , K ! t 1D 
C F Ii' D SIBS 
!FI 0REL (I,ll·LT.o. o~i~RELII,3l•LE.~IGOTO 6 





4 f~P = 1 
IKSI3 =I 
41 )0 40 J=l,LCA 
I.)E''!T(i\lPl = ITR.A.CK IIKSIB) 
40 M~R ( NP,JI=MARK I IKSIB,JI 
H R t L I 1 K S I .. , l l = - f" R E L ( I K S I 8 - l l 
IF U'.~EL. II"Si t:5d l ~LE..OI G() TO 5 
IKSI3 = ~REL IIKSie ,31 




DO 50 .<=1,2 
L = r,~, r? E L I I , K l 
IFIL.LT.OJL=-L 
IF (LeLEe Ol GO TO 50 
I i) E i-.: T I ~,1 o l = I T F; .!:.. Cl<' I L l 
DO 51 J=l•LC.tl. 
51 ~AR I ~P ,Jl=~AR< IL,Jl 
FI~D GQAND-PARENTS 
DO 500 \::.K=l;2 
LL='V:RELIL,KK) 
IFILL.LT.OlLL=-LL 
f\P =i\P+ 1 
IFILL.LE•OlGOTC 520 
IDEi\T LlPl = !Tf"'ACK ILL) 
DO 510 J=l;LCA 
500 CO'·H I "j.JE 


















































JJA = I OOC0980C 
i-.lRECC = :~~<ECC +l OOCC9dl0 
~IND = \< I O +6 00009820 
v'il~ITE U\!C1 ,8 30 1 ;.iRECA,Nl~ECB , NRECC OOJ09a30 
860 FQPVAT 1'1 1 •6X,'STUOY KI~DRE) ~UCLEAR FAMILY ' /9A , A2 t AlO,Il3//)00009b40 















W R I i E ( NC W ' 8 7 2 ) { I DE IH ( K. Y l • K Y == K C: t t'• P ) ' 
FOR MAT ( 1 0 1 , 9X,'PHCNOTYPES ~S ! \PUT 
*' • ,5Xi' FAT PGF PG~ MOT ~~F ~G ~ 
!IRIT E ( f'.--- \l,' t $711 C 0~-1a 
DO 920 KO = ltLCA 
IF (!CLOC IKOl - RHSl 9Jl;92 0 t S.11 
IF (ICLOC(r.Ol - Gf!l 87f' t 920t370 
( I iJ E "' T I K Y l , K Y = 1 , ,\j KID J 
0~ DAT A CAQDS 1 // 
SIBS ... • ; • I dX t 25.A5) 
W'UTE ( NC'h871) ICL ~JC (KO l d i'1AP. (KY; KO l t KY = <Gi t P) t ( i~tAR ( K Y , KO l , 
*KYo:l , 1\K IU l 
FORMAT (I I , A3 t 25A5tP.4l 
CO t~ TI .lUE 
CALL TRAI\iS UP l 
~1/ r~ I T E UK ~,.. 8 7 6 ) ( I DE I\ T ( K Y l ' K. Y = K Q ' ;\: P l ' ( I D EN T I K Y l t K Y = 1 , N K I D ) 
FORt<'.D, T (I I /l OX • 1 PHE"WT YPE.S Tf:.(ANS L ATED I N DEi ll.RY FORt,~ t I I 
*' 't5X, 1 FAT PGF PG,·: ivlOT ,•'!SF i'vlGf\'iSIBS ,...'!' 1 t3Xt25A5l 
WR IT E (~CWt37l I C0\8 
~0 874 KO = l • LCA ~ 
~. R I T E ( :'K 'A' , 8 7 5 l I C L 0 C ( K 0 ) ~ ( H A R { K Y ' K 0 ) , K Y =KG ' tiP ) t (['~A R ( K Y • K 0 ) , 
~'~-KY=ltt~KIDl 
FORt,lAT (I f ,A3 d4t25I5l 
GO TO 85 1 
6 CON T !'"IIUE 
NCA =2 
COr-1 T l 1\UE 
































FU\~TION IOS~II ,J) 
I GSH ::.: () 
CALL ZBIT (!,26t32,IQS~ t l9) 







F'JNCTI 0\i I s~PU ('.\ ,I tJ l 
·~cv.· =z 
IF('-ll 8 r:,z 
3 CO...,.TI"'\.JE 
ISH PJ=-1 
t<•RI TE ( NC':~ dOl") l I 
300 FOR1·•AT( 1H 1! 1 Ii'COr<. ECT SHIFT VALE USED I · A CALL OF SHIPitJ/ISHPU 
l- SHOULD BE 1 OR z, IT WAS 1 ~I6! 
GO TO 4 
1 COI\!TI"'!UE 
IS~-< PU=J 
C~LL ~ulT (l;l2 tl S , lSriPU ; 5l 
CALL ZBIT (!,26;3z , r~HPUtl9l 
GO TO 4 
2 CO• TI• 'UE 
ISHPU = ~'EQ (Jl 




000 C61 ~ 
:JC01C62C 
















I S H P U 
~='UNCi! 0! JriOiv' ( l ·,. ' I ",rP-n 001~790 j H 0 M 
~!ME, S I 'l' I U-. ) ooc C3CO 
IF ( I Ph l 5 '4 tl 0001 ~10 
1 .-:=I.~ n 1 ceo C62C 
IF ( lVd .-1) l s' 5 '2 (.;1"1~ V'...l 0830 
2 ... o 3 1=5• t 2 o~OlC840 
! F ( I p ... - I ,(1))3,4J;., 00010350 
3 CJ\TINJE 0001 lj6J 
5 JrO' =1 Ov010870 
0 ETUfJl 00010880 
4 JH0'1 =0 OOJlOBSO 
RE u~> )0010900 
EN OC01Q910 
rALL ZBIT CI,!9t25tKJE~,l91 
CAL Z3IT <Id2;18, .JE0,.26l 
E~'\ ') 
c::,o1o~2J 
OOvl l ·.:::os 
OOC11J90 
000 111 00 






, *. *" ':** 
;, , ·Y -, 
(.' LtALJ.11 , Y 
LITt L 
' ,_ 
I 1\ II" 
)~0 1 S lc ' 
c:...~lv 7'J 
I.):)J l ~l- 1J 
J0-l'H?J 
C:O L~2J:) 






, C , ' 4 • 6 ) J T ' ' L ; ( ( L ~- C ' J T '( P - J I L v ( ' V ( ·r A t T ! T l E ' L G t L P.. . ~ L r J ' '..; I') J :'.. 2 7 C 
_'.) 'L,2o, 
~-:,Cl829J 
,.. ,;Lll r,. L ~"( LKl dT'rr- .... dL ,.., _,(T~hTITLt.tl~SG,LAB• 'L 1-dt:;,-' Cl ~ )u 
_,C:Jl831C 
T , A L G C. ( L C l ' T T Y P E , ~ ' :_ , C T A t T I T l.. f ' L .u. -\ S t L t '3 • ' L ;, e ·' ' 
, , :. '< , r ') • 1 1 , . 3 ~ 2 x , " 1 • , ? , J ~ • , L t -.. :. z , 1 2 , c.. r ~ t r j l 
::;~ol ·J~:. 
C-:...,1333~: 
:, ,.,183 .1 -J 
' . 1J3C<:l 
(.;.;2l~-i7J 
- (( L-•Cl dT'n'=--dL.,::::, .;(Tt<,T:TL.:tL .3":~Lr dl•\~:!,'_,':;.,1 3/J.,.~ 
( . -' '·+ 
--.T ! 1 C 1 / 1 C'•?XtTlct•.?,~" ,T7'3•Ill 
ITE(l~.l r,1,L C( L cJ,,Tv 0 ,...dL c, ·CT•·,rrn_c:,L,·dGsL",-:\,u\8.~ 
~- ':+1 
'ITE ( r.,4:'2l 
C' -..) "( .AT ( I F ·- ! -..) 1 y ) E s = I ) 
!'7(' ) 9,~,3 
TY,..._ 
,'\.; (',(:,3~;;) ,~;,AL.~ 1 ( LCCltiTYP::.,IL)C,F:;E":'' _,CTAtf.:;LIT, 
1 (L,; (Ild=l,l5l• ..:.,L,A v,·pr':(,;.,L!,' 
IT::('( ,t..,3l TT,,.L~r( L r), vCT ,:..LIT~(LI\ (Il,I=l•l?l,AL A 






4..:3 c::~, f\T (I5tlXJI-3,'X, :-.1, ,; 4, 5(2/;!l),);<,A~-) 




" Jl' 32-.~ 
~ ._;o 1 ~ ::; 3 v 
..:;~.;8lf55u.v .'.\IT:.\lCl'ff.AL~~~ L.CldTY,.J=,.L~(,f=.;::· '~~TA, LIT, 
1 ( L;., ( l ' I =:. ' J :: l , A - :_ , t, v , . _ I ·- , - L r i 
I~PTTl2J,2 ,,-, 
r 
c '<_ f I '6 ) 'T ')..<. :_ ~ c ( ' L 'c ) ' I T ;' F- ' I L- ': ' JC T A. 'T I T E 'L "'- .; 'LA •J ' t L 
'RITE (· -~ ,4v<tl 





ITE(l:1l T, V,CI 1L1CJdT PEd~'(,.,CTA ,TITL t:t .1.\BG,LA~' ,, BB , 
ll 8'' 
C <E :\DS 
L L D I C 
PA.3E 2 
4 ~EAD LKRt303 )I..TT,t L'ICI~'LC:Cl dTYPE,JLJC,F.-:E'1~ OCTA,f..L!T' 
1 ( L.Ll.·~ (I l t I =1 915 J ~;;..::>.L •Ar!Y ,,t:,~ I :l ,_ .LJ/1 
,,, ~ I T E ( '4 C.:! , t.; C 5 1 · i T • 6.. L :J C ( '~ L 0 C l , F K E: G ' 0 C T A t '\ LI T ' ( L A '"' ( I l t 1 = 1 ; 1 5 ) 
FORMAT 115'l~,A3,1XfF6.4,lXtA21lXtA4•1512X,Ill l 
\;RF": == ~·RCC+l 
'd~fTEilOI\TT•ALOCI~LJCl~ITYP~,ILOC•F~EO,JCTAJALIT• 
1 ( L t~ R ( I l , I = 1 , l 5 l , ~GAL ; A'\! Y 9 A :.H ':{ 9 A L 'J A 
IF I i'' T T l 1 ' l • 4 
303 FOR ATI1Xtl2tl~,A3,zX,kltA2•F6.h 
9 ;J t:< I T E ( ;\ C v~· , 3 0 LJ. ) 1 ~ ::~ E C 

















~uNrTtON L~A~K(I . Jl 
L 'tARK=- 1 
IF(Illt2t2 
1 RE T UR.\ 
2 IF(J)1'3'3 
3 Lt'AR< = I')SH(! , J} 
f''E TURN 
END 
, C0 11130 































I 'JTE"';::R A ( 2852 l di·d ZE52 l 
DI\i-~!SIOJ\1 H,GLE (235.2. 5 h ALJD ! S ), KOU,T(285-'l 
I \ TEGE~ 3U':. / 1 '/ 
I \ T E G E ·~ Z t. K I 1 Z t -< 1 / , T I I T 1 I 
I 1\; T E.G E f' p I I F ' I ' J, I I . I I ' I I ; T / I I I I 
00030530 
OOC30540 




\JCti = 6 0 00.30 6 "0 
Tv 
~ f:r;) ( S t31 ) I A DO 
FOR i-.:< T ( .A.l l 
I = ~JU''IA.8 (ZER,z;::F·J 
DO 6 I= lt2d52 
DO 7 J= lt:::> 
T.w.BLE:. tlt.Jl = OaO 
OUt T ( I ) = 0 
ce:~n I NUE 
IBIG = 0 
R£?.0 i.KR.t"t,E, = 5l f·JA,,,1;\t''JA/P , A L .JD t '.!Ci~os , ;\SCOP 
F0R)AT 17X,2A3,5F8~3~Al,l8X,I41 
IF (IADD-T l 34d3,34 
I F ( ,, ( ROS . "'iE .IA DD J GC TO 18 
bE R~~OVED I\ FO~fFA~ G 
I c: ( 1\A •::p.. - rl LK ) 2 0 ,S ' 2 C 
I SPA, = i'.f;;,/A 
\i A!~lE~ = I s 0 ,CI, ,...: 
I= '.J J'-:!A3 ( f·LA.\~A , ._ A,,,8 ) 
S~IP ZERC SCJRES. 
DC 80 J A 1 =1~ 5 
I F ( /\ L JO ( J .~. 1, l l >3 1 , !3 0 , S l 
COf', T I "!UE 
G~") TO 18 
~"'!(l 32 J= 1 '3 
TABLL (l,j ) = TA5lt (IJJJ +~o'lJ)i)( JJ 
I F (f·6 C 0 f-< l 5 9 , 5 1:;, 5 9 
KOUN T{I)= KOiJ1·~T (ll1""l 
GO TO 6') 
KOUNT( II= KOU\T( I l+~SCOR 
IF ( l -I 3IG l 1S ,l 8 tl7 
H~ H =I 
GO TU 1~ 
I r (I/\DD - !=' ) 70d7 t7 J 
If ( I A JL - -' ) 71 '.:HH 71 
!F (l ADS> - I 'T l 39 , .:53 ,39 
i;iR I TE ( "·iC · d5 l 
FORfi:A T ('1 1 1/ 1 0 1 tll X,'LIJC I''1 9X , 1 ;..'.A. TSRNA L LO D SCORES 1 ,10 Y. , 
*'~0. OF SCO~tS 1 11l 
GO TO 40 
hi ·d T C: ( NC vJ '4 1 ) 
F o ~: t·:L.£\ T ( ' 1 ' 1 I If.) ' , ll x , ' L 0 C I 1 d 9 X , 1 PAT E ~ N A L L 0 n S C 0 R E S 1 d 0 X ' 
*'~0. OF SCOQES 'I/l 




















J00303 1 J 
J:J;J30820 
OC03Co~O 
OJ. 3 ::Jo 4 0 
00030dSO 
0:1030860 
O;,.C ,... 0870 
000303b0 
0003 0 6 ;1 :.:• 










0 J.:H02 0 
00031030 
0 003104 [ 
0003 1 050 
OGU31;)60 










*'~O. OF sco~~S'IIl 
GO TO 40 
'>-'R I T E < \ o: • L.. 3 l 
FC<-1:..T <'l 1 // 1 0 1 .11X,'L0Cl 1 d91. 1 TGTP..L LOD SCO"<ES 
*''0• OF SCO'ES'/tl 
IoiF = lbiG -1 
DC 50 I= 1 ~ I 8 IF 
J= I+l 
IF (N~( I l - AP (..; l l ,31,54,51 
IF (BR(l) - 8R\Jl l 50~50.51 
.SPA R = A~!Il 
AR ( I J = Ai~ ( J l 
Af~ (J) = ISPl\R 
ISPI\t-~ = 8!~ (I l 
Bf~ (Il = BRCJl 
R i-< ( J l = I SPA ~~ 
ISPA'( = <OU·1T (!) 
KOUNT (Il = KO~\T (JJ 
KOUNT IJ) = ISPPR 
DO 52 J!\:\l = 1 ,s 
ALOD (JAN) =T ABLE (I,JA~I 
T A 6 L E ( I t J .tl ··~ l = T A 8 L E ( J , J A. 'J l 
T ii.BU:. ( J, Jl~~~ l = A.LOD (JA N l 
G0 TO 4J 
COi\iTPJUE 
DO 45 I = l,IBI~ 
hRITE CNC·1,49) ARiil,EHCil, <TABLE (l,J), J= 1,5) , KOU;\lT\ll 
































FUilCT 1 ON r.1EO ( I l 
''lEG = 0 












,.., T ) l 
: ' * 
~( ;~)dCL'JCC7 lt.Jo:;...:T(8ll 
S ( 7""'· l, A:J\4;'Clt J (4,;.8) 
(26,70) 
~ < • 
.... ' 
-c:, c _, .r·c,·co,, c:, .cr-< 1 
' r 
- ' . . 
1 ,J P , :. P , J P T 
"",I C L ~C 
I(',, I 










( 5 ( 1 
-: 'L.. )5 ) 
(3X,.:\:.,.,: 
(8-1 
')'"I 7 J. .=:,<: 
-' 





D: ..... ..;'.14J 
COC'-·C:95S 
0.;0)096' 
0'.-. c: s 7 0 
~=8 Jit;..; 






0 V021 ~ 7~ .. 



















2 Ct..LL ~ I::T 
'T ::: 
;-,5 e.·t:: ',.3 rJl.L;·S 1 ) 
• I=" = l 
. A = . ...:. ( :: l 
::; :: ~~ + F-: 
I F ( . l 7 I 'i , 7 7 7 7? 
:: E.l! \ S Y S T"- S A. ~ -;- :..l E: ·:- .b, L L - L t: :J· ·v" 0 T I~:,,~,_, C () l 3 J 
c J::; ·~ 116 J 
")08Cll 70 
c>o:~Jll :.o 
~~rrc: (.·c ,t7 ... ) ('"1. (-.JltJ=\F, ::J 
v~,Jt.}l).'?._. 
000 .:12\).J 
')00 ... 121 ~ 
-..~Cv0122·~ 
I=" c. .:;; A T ( ' I ' 2 I .. l I. • ' 2 ::. I ,, ) 
. (/ = l 
l C:0 TI' lir. 
')(: i,. l :;: l ' ·~ 6 
D:::· ~ J= 1,7 __ 
~ ''A'"\(I,Jl=-1 















:rrt.uz:: r= "'C? 
0 '21 T .:- ( 9 , , , · ' , 9 , ', , ; 7 7 7 , 2 , , l , C '. 
----~ 
;i0~012S8 
~; :_:.: 01 ~ oC 
'r.o~:27S 
0800 J. ic.) 
Q":';vl2'iJ 
·() .. )'-'131(, 
Q,;C01320 
00-' l jL;.J 
~JC, . .~~-=s~ 
,.J0:1~ v 
M L I K 
PAGE 2 
4C6 CALL BLI~K liT~} 
9 
300 FO( VAj( 1 lU,ST 
STOP 
c: "J ...... 
""".; ~ 
















FUr,CT I Of< 1',i:.'' (I l 
NE::J =O 
CALL ZBIT II,l9t32,~EQ,l91 
-<ET'J,- t, 
HiD 















t\RGUhE "'lT S 
U.S.AGE 












f'" ::: I\, i 1 l 
f.)O 1 L = 5 'i~ , 2 
I F ( I ':1 \ L l - I B ) 1 , L: • 1 
GO TG 9 
2 CO:'H PWE 
l ·,~ ( L + 1 l ::I ~'i 
RETURN 


























N I N B I 
cu CTIG~ U ABIA r) 
C AN I.. l\'1 vAL ~tli. ICEHITY .b. A·.C B S SSL)·SD ,; s:::~IAL I iEr.:L~ 
C JE ilFICATIO .. ~u BER FC'' :.;:E !H-IT CC?E. 
I E''L< A,a,,~ ,eR,~~.;r, L 4 
DI E·JS.o·, A (150h8'(h 
AT . .:. ZE.0/3HZER;,f.L•4/3-4 I 
llu 'AB = C 
IF (A-Zt::':<)llO 8\:,1 
~o DO 580 I= 1,15~ 
A':' (I l = ":' 
580 R(I) =0 
G TO 9 
10 IF (A-0) 12,Sd2 
12 If=" ( -JL '4·l Ll.,:;~dl 
1: DO 500 I= 1~150 
IF (A_,. (Il- i 3t2,3 
2 A~ (I J = A 
::L (Il = t3 
--0 TO 9 
3 IF (AI< I I l -A J 500,4,50v 
4 !F !SP(Il-8) sc;c,s,300 
5 -.U 'AB = 1 
GO TC 9 
:500 CO .TI .UE 
9 ETU-<\ 
n,o 
U A B 








FUNCT I 01 N '\'A3 C A, • l 
I: 1TEGEQ /l.;8 , AR,3R 
PiT EGE ~ zERO ' BLI '4 
"I 'Ei·lSIQ;., A~ (2 H52l ~s ·(2fl52l 
CO 'i·v'C,~ A R , R 
DATA ZER0/3rlZEP/t LN4/3H 
!F(A-ZER~llO.S dO 
DO 580 I=l 2852 
A? (I l:.:: 0 
q~( Il=O 
GO TO 9 
IF CA-0) 12t9d2 
IF (~- 0 L·4) 11,9Jll 
"' 5 'J C' I= 1 , 2 .~52 
!~=(AO( I)- ·l3•2~3 
/I.~(Il=A 
BRC I l=~. 
r•Uf'-;AB = I 
GO TO 9 
3 IFCARCII-AI500'4'500 
4 IFC8R( I )-3l5C0t5;5~'~C 
5 'U~iA8 = I 
GO Tr> 9 







N U B 
OCJ.:H400 
o o v .;)14 1 (CALLED BY MAl PROGRAW-1E 
00•.-3142 I 







0~0.315 .... 0 


















'"'I =l \.-\ll l 
NJ =JW(ll 
K=3 
DO 1 L=5, Nl t 2 
AI=! .N (L+ll 
D 0 2 fvj = 5 ' f\j J ' 2 
I =K+ 2 
I W - 1 'HEGER .A.R RAY I i~ W FC~''• 
J ~ - I \ TEGE R AR!AY I N W FO~M 
I J •;; - I N T E.G E R A';;: ~ A Y I 1 { A f 0 ~til 
CALL lEOOL IIW(LitJW(~l ,IJWIKI ,71 
IJ WIK+li=AI*J WIM +ll 
2 C)i\TI.' 1UE 
1 CONTINUE 
IJWCli= K+:. 










000 126S: O 














0 :JO 12 55(; 
000 12860 

























SUBROUTINE PP~: IHASw,N , LP tL FP , pM,QW , JI 
!HEGER o-;~ (3204) , HPv<J( 4) , H\·~,; (B4i 
I l TE-E R HJ\ 8 ·,' I .. I , ; ( J l 
J= 3L04 
rET ALL POSS . ~IPLOTYPES AT 2 LOCI 
(.: L ~..;ry,.i (HAB¥,' ti' t HAB itN ,em·: • J l 
IF (LPPl3t2 t 2 
GET F~TYE, ' S POSS.~IPL AT 2 LOCI 
CALL Cl-f!<~: WG\~t..J ; LPP t D\•1) 
rET FA ~ER ' S POSS. rAPLw P 2 
Ci}LL D'-l>•: (:-jABI'•rl•D\l~J,r-{P•) 
~0 TO 4 
!F --tTl-!':~ U ;:<.~C 
U..L L E ~ ( ~t..£3 ': , rn Yh I 
)C THE 5 •: ~ITH M'THEP 
I~ (LP ';) 6;5;5 
C~LL C'-:KC<'l (DG J;LP'..-!tD\<l 
CALL DH~·' (HAB~·d'.,DwtJ,rlMv l 
-;o TO 7 
CAL L E Q v! ( ,._.A:' t! ' ; l 'H '·~ ) 
I -"r T -~ .l 
Fi .0 ALL POSS. DIPL• FO~ ~H[LDRE i 0~ THESE T~O PARE~TS 
A,LL HH[)' (HP~-''''-'•H""\·,,N,')' ,J) 
OUTPUT IS THE I,GIVIflU/<L 1 S 'IDL. r,Ri-'t;y ~.T 2 LOCI 
CA.LL C~KD,Ii ((,:· J~LPtD.-;J 
F! H) I DUHIC\L ':E'~OTYPES• 
!) = D·, (ll -1 
0~ 11 IT = s,No,z 
k"' ~) = 0 
l;.iJ=C 
I 00 = ')\</ ( I T l 
CALL ZSIT (ID0,5dl,K0•2t,l 
CP..L' Z3IT(If)Jd4,25,K.U , 2(-;l 
JG,\ (IT l = <.O+K.U 
Kl.J=O 
CALL ZHIT (l"'(.d2! b,.<.Q,26) 
CALL zcl~ CICO,z6,j2, u,z~l 
f; :) \.V (IT+ll "'i<"O+!<U 
00 12 IT = ~,~oc,2 
I ')0 = IT +2 
oo 14 P = roc, ·~r>' 7 
IF ( Y.5\ ( I i l - D j; ( I R ) l 14, 15 ~ 1 '--
I F ( ;) 3 './ ( I T + 1 l - :; r ,, ( I o + l l l l t;. , 1 6 , 1 4 
I F (!) '"' I T + ll -n t.J (I . >-r 1 l l 1 7 , 1 '+ d 6 
!) .I ( I T + 1 ) = ;:) ! I ( I ~ + l ) 
:;o TC lt. 
S · ( I c-.+ 1 l = "J · ( I T + 1 l 
r;riNJE 
C :J t.~ T I , U ': 
r.,ETU. :\1 
E ,!) 




00 129 1 0 

















































SUBt:<OUTl E P~U"'iVJ (I ,-, ,r.~vt.SKl 
D 1 tv E> ,s I 0;'>! ! ,J i K l 
i\ =I \( ll 
DO 1 I = 5, f'J ~ 2 
1 I (Il=IC0,1P\I';,(I),'·?.S.<l 


















1 TEGE< OCTA,ALIT,ALA6 
0 -'f~SIO'i Li~~= (4 J 
S -' E .s I 0N TITLE ( 2 5 l 
DI.:E, 5IO!~ FR(l':il 
D H1 ~ \ S I 0 '; LA R ( 1 5 l 
'I"EJSIA4 I.AP 126•70) 
f"PEOUENCIES A~TER 0\::: PASS OF LI.d'.AGE 
i1 I "E ~S I 0-\ L(;- ( 6 0 } f I C L 0( ( 7 0 l , J PST ( 2 1 l 
1'\ITS'::::EP '-l 'S ( 770) , AD(430J; JP(43Jl 
fl '·SHSI:)N I•SL''4l 
CC•·1\\_,,; FEC; .· R E C..:: , :·~~ECB, i\R ECC, ~·.C.A , \C8 '":CC • ,CD~ 1~CE t ~ CR, .\C 
l,LCAtLCB,LCC,LCOtLCE 
(':)t •10N NL, · I: •;:-• , Ax,"1\'IS,LCC 
~, ICLC>C 
c 'J , .... ~ c I' I <J I I\ ' j /, 1 . ' K .n . I ~ ~·W u. ' ·, A"' - . r\ ' \1 A F, c 0 ' I p C'l"!l 
.\(( = TYPE OF CODI'·,G, I=GALTON,3=''Et<J YOi~K,4=PI: ,AJI'iSHA1¥' '5=8Rf\ZIL 
\CB - TYPE vF GF'-iE~\TIO"i/6IR ' I <Gi-iA·'1 CAPD, 5·::'-~J/30LS, SOH< SO;''I,... 
t·KD - I 1'" 1, T Hfi'~ G E~. r:;: F REQUE'K I Es TO P E GPDATED t3 Y CARD ,J PvT 
C' AT A I Z./3 H l 2. Z I , I!) P" I 1 X X f1 1 I 
LFi4G=O 
I~INCA~Ea~BJGCTO 81 
\CD :·KJ~': Ii';P'JT AT Pi:::G I !\rd•'JG OF "\~IN FOR WP;~··IPEG. 
R r: t: f) ( \ C P, 2 0 0 0 l ~· C C , ·JC 8 , 1\l( f) , i\l C E 9 !l C F 
C2CO~ F8Pr~,-\ T I 5! 1 l 
CIF ·'CD =l, I '~PUT AL T-:::( ;A.TI\/E C ;\'E FRFQ TO H\,;S 
r ~(( :: AL~AYS 5 FJ~ qH LAR 
~LOC=l 
'i p:: 0 
3 0 REI\ D ( 1_ 0 J f ~ T , A L , I T Y PC:: , I L , or: T .:... , T I T L E 9 I L f.:.. 3 I I l , I = 1 , 4 ) 
I F ( "1 T ) 3 0 ,3 0 d 8 
C '-<EADS LvCliS CAR:' 
1 IF(LGAL-O)<J0,6l•o0 
61 \1UX= 1JL'JC -1 
60 RFA11101NT,AL ~ITYP EtiL ,OCTAtTITLE ,ILASIII •I=lt4l 
IFINTJ9,9,2 
3~ lGAL = L4B INCC-ll 
L OC ( r·~ L OC I = 11 L 
C REA~S PHENOTYPE 
3 JPS T ( i\LOC l :::.;P+l 
10 R~AD il O I NT,AL,ITYPEtiL tF~EQ,QCT A , AL IT,(LARIIJ,I=l'l5l' 
ff(\Ti20,ZCt22 
2~ rriLGAL-Olc2,l0•6Z 



























































CALL 8I"X( JT,U"~.R,JP("P) l 
GOTOf5'6'7'S,e•5•5,5i,LGAL 
5 AP{"·1P)='1CTA 





8 ?.P { i·!P) ::::JP ( •'~P) 
GCTO 10 
C ~EaD GREEN CARD 
20 READilOINT,ALtiTYPE,IL•OCTA,TITLE•ILAB(II'l=l~4l 
C READS HAPlOTYPE CARDS 
HfiSIINi+l}=lOOO 
H~SII~I+21=L0CI\L0Cl 
:<,fS (I!\ I +3 J =f\!TTT 
K=4 
1( ALAB ( I l od = 1, 4 l 






IF (FR.EQo.LE .. O"OOCS) FREQ = C .. OC06 
HWSILE2J=FREJ*lOOO+•S 
K=/+2 
GO TG 842 
100 IF(LGALiltl,ll 
11 LfNG=V 
H',!$ (It~ I l =LE'~G 
1 >l I = I N I + L E N G 
GO TO 1 
9 ((PlTihUE 
JPST(NLOC+ll=NP+l 
CUODATE GFNE FREOUFNCIFS 
! F UK D ~ f\~ C: • I lJ P D I GO T 0 Bl.. 
Bl Ri::A"'J(f'J.C-\t2811 !LOCt (Ff-<{ I) d=l dO) 
Ir:{ILOC~t:o~IZ)GtJTO H3 
CALL FNOWS IH~S,KWI~•IlOC,I~S,IWINI 
~H=LS\ll 




82 CALL NINA~ IIW3,IWIN,LtNI 
GOTO 81 






























































CA!....L 8I XPH1L.O.R,JPC P)) 
'3 ;TO< 5 ,6, 7 ,a~ E ~ 5 t5 ,5) ,v-.tl.L 
:. .A c ( I p ) = ~,~ T A 
6 AP c 'P >=ALIT 
GOTO 1,-
7 r P c ;, o : =,:. LA a c , c c - u 
Gr T 0 1" 
8 APt tiP l = JP ( lP) 
GOTO 10 
~ RE~D GREEN CARD 
20 READ(lOlNT,ALtiT"!-'EtlLtC·CTA,TI"!"LE,cLAB(I)tl=lt4l 
r REAvS ~APLOTYPE CA 0 DS 
HvJS I I'~ I +1 l =l OOC 
~~S(I~I +2l=LOCI \LOCI 
-H4S I I N I +3) =r-!T T T 
K=4 
842 READilO)~T ,AL,ITYPE,IL,Fr~n,ccTAtALIT•ILARIII,I=l•l5J, 
1 I fl.. LAB ( I l , ! = 1 , 4 l 
25 !F(LGAL-Jl26,642~26 
26 CONTI ~'~UF. 
L':"l=li'd+Y 
Lf2=LE1~1 
C''LL ,l If\}-, I iH, LA!< tf-.'hS ( LEl) l 
I~ IFREO.LE.o.OOC5l FRE1 = 0 . ~006 
H~SlLE21=FRE~*lOOC+.5 
K=~ +2 
Gv TG d'+2 
1 ()0 IF ( L.:.:A l I 1 d dl 
11 LF ,G="' 
•' 'S I I',d l =LE "JG 
I I I:;:; II'~ I-t·LE \!G 
CO TJ 1 
9 CO\TI •lUE 
JOSTI~LOC+li=~D+1 
CUPDA fF:: GE,',E FRE·m;F 1'.'( I F:-; 
IF (,4C1.;-;r:;;. IUPDl GO TO >JLi. 
8 1 ':t. E tJ. ') ( ~., C R 1> 2 8 l l I L u C , ( F '< I I l , I = 1 , l 0 ) 
281 FORVATIA3~:X,l2F5.31 
IFI ILOC+SJ.IZ lGOT:J tl3 
C A L :_ F A)'t; S { •·: \'.' S , K 1•1 I : , ; I L C C ' I ~'.' S , I ', J I ;\! I 
<=O 
')J f2 J=6,.._,I ,z 
K=l<' +1 
L=FF<I.<.) 
~ =~ ~~ 1Kl-Ll*l COJ+~5 
CALL rd.·~r·. ,r,•s,I\'di'{,L,:·n 
GOTC 81 
83 CO"lTI'iUE 

























































OOJ 14 700 
OCJ14 710 
00014720 
T~A~ CW ~UST BE PU CHED) 00014740 
E OF .<M tllLL BE PJTE~P•~ETED AS u,,<.·W~4.-... 000ltt750 















000 14 930 
00 14940 
OOOlSO.JO 
0 0150 10 
000 15 020 
000 1503 0 
OO:J l 504C 
000 15050 
oor 15060 c c C**~~~*«**~****~*•~*~~********~*<******t~*************«****·***~•****~*<0001507J 
fl!'[\!5I 1 :\i !·I (IGtj'"S I OC015G80 




p:) l J =7 • I,,2 
t•! I J l = X !, ; J - 2 l 
!\tdJ- 2l =V"-K 
K'<K = l't' ! J + ll 
I ->1 ( J + 1 l =I w ( J - 1 l 
I\!<{ ( J - l l = '<.KK 
NC =NC+l 
3 COI'HPWE 
If ( I WI .• Jl) l , tH4 
4 CONT!f\'Ut 
I',,! l Jl =-1 
IWIJ- li =IWIJ-ll+IWIJ+ll 
I \'-1 ( l l = 1 L\' ( 1 ) ... 2 
l CONTINUE 
!F(NCJ9•9 , 10 
9 c ()i\lT If'., u f: 
13 (01\lT I NUE 
IF ( I l'l ( I I -0 Jl2 d 1 d J. 
11 corn P~ut:. 
RET UP\! 
12 CO· TL\UE 
I \,; ( 1 l = I - 1 
2E'TU;:{"J 
Er'~D 
0~0 1 5090 
000 15 1 1 0 
000 15 210 
000 1512 0 
000 151 30 
000 151 40 




000 1 51~0 
00015200 
000152 :1, 0 
000 15220 
00015230 
J00 1 ?240 
000 15250 












000 1 5380 
00015390 
00015400 
O:)J l 5L+ 0 
000 154- 0 
000 154 0 

















00 1?45 •) 
OOC15"-60 
**** **~ *· -ll·* **~SU8ROUii ' ·E SEGW (I. d t-' d ( 'i.' HH***''-.;H ~h;. !·*~-. ** ,, 154 70 
BST ,..~ .... . THE '3C~L':'\.' \lOR I ~ r.HICH ~EPRESE .T S T--iE ;:, E T , DIP-..0 154 8 
T 2 L·:(J, T PROD ,... v, -A RAY PJSCC015490 
E TS 
;-A?LCTY..,,_S 
IT""" :s THE 
IB- I'lTC:GE' \OR~ 
I' .' Cf"R MA T 




ono l5S3 0 
:T:- - I~ TEG:::R 0 L· REDRESE TI '3 '~EC) .. ,3 I Nr TICl o. FKI-<CT iu 0 15540 
nn:)l5580 
E, 'I .E:. >=. TS 
:;~ • ..:.:.-,:. i('l(•,* 
DI r.::.,SIO!\ 1,..>-lt. < l ~ l 
1 \ll :::l t::: 
ICil :(2. l=LJ I,_;G 
ICH L:.l=·;:.r .. !I>:ll 
ICHVi (~ l= <lO·:-ITH l 
I C H ·. ( 7 l = I L C: l·, ( I B l 
IC!- <:·l=ITH 
I C H < 9 l :: \. - -.:! < I 6 l 
ICHi (1QJ:::I(r1.'(cl 
I CH ~ < 1 l ) = '<. J. ,--; ( I ~=. J 
IC'-'ilv(l2J=IC'Jl- (8 l 
(i L R KB ·· ( I Ct·P! '12 l 
t- '·Jil .... 





• •. ·'f: * 4 . ·/- * ' -;, * * .r .. - ·1:· * 'k oJf -lHdl- ~· .;< • ·' ·lH. ' ;{- · -¥. -11- '· * -Jr ' " / -li- * ~' : 1 :;: 6 4 0 
00 -1 56'50 
ul5660 
0 0 15 670 
ooc l56 oO 
OOJ 156 9D 
OC015 70:J 
CCU15710 















SUBROUTI ,E T"A~S ((l~DI 
CO'I\ .. '0 { AS USED I -. L I 1\iKAGE 
US 11 GE L I f~KAGE 
RE .. ·U I EV ''TS Ot· E 
I aESE~ ijLA(I.K /' 1 / , H6/IC\h6'/ ,G, / 1 GM 1 / 
;!~E~SIO~ LuC(JOitiCLOCI7CJ,JPSTI811 
I •n E 3 E ~ . : S I 7 7 C l , A P I 4 S l , J 0 I 4 3 0 l 
'!I 1E'\SIQ.·, ·~A.r~ ( 26t701 
:) I E" S I 0· 1..C. R K < 2 6 , 7 0 ) 
C ,'I.MO ':::EC t .' ECA, u-:ECB * ~EC(,.,CA.•:KB~NCC• CDJNCEtNCR , NO. 
l,LC~t' (_ ,L..-C,LC tLCE 
CO~~O ~L,~I~D,~AR~HwS,LGC 
:,JPtAP,JP T 
2 , VLOC 
co ~--10!\i I'/ L • J ~Vl f'H K\\! H ~~ I ;,_.•.•;:. (.'RO 'f·iAR CO d POJl 
E ~U ! 1/ A L E •K E I "1 A ~ r ; ' A R I 
~0 3 IND= l,KI~D 
DO 2 J= ltLC.A 
I F I I : L OC ( J J - G tv I 6 0 3 ' 2 , 6 0 ' 
6 0 3 F ( I ( L 0( ( J J - r H 6 l 6 0 : • 2 , 6 0 1 
6,.,1 IF I ;,t.~l( II " ,J)-RLN l600t20,600 
600 IF I .AR< Cl"'-!D,JJ-tl l 1,2.1 
1 DC 500 I=lt L 
!FILdCill-ICLOCIJl J5COt509,500 
500 CO"~ T I i'WE 
MARK IIND•Jl=-2 
GOTO 2 
509 J!::>=JPC:.T (I I 
f'lO 51'1 I=J tJc. 
I~='li-.PIIJ- P.RKII.'f;tJ)l510,51'n5l0 
510 C} T II'~L,f 
'~AH< I I :·!C ,J l =-2 
,-oro 2 
Sb 'iARK II\:.;,Jl=JP(I) 
roro 2 
20 ~AQK (!ND,Jl=-4 
2 cor·T!P.UE 
3 (0\i T I 1\ UE 
t.:;ETURN 
Q:"\;;15790 
























C ·tO 16110 


















oorn6 3 o·.:, 




C A GU ·lEi~TS P.AF' - lrTEGER A,-RAY AS USED~~~ U;\;(AGE 
NIND - INTESEP ~ORD c 
c 
c 
I L.~K - PHEGER 'lORD 
.' T - I • T~>3EF, ~-vo:~D 
MA-K - I ,TEGER w0R) 










DI,'E".SIOl t·\'-\P (.·f...RRC,·i.4RCCl 
Dl~~E\SIC~ !~:fOr-<.0 {23Jt IPI\K C2~) 
~·iAS V =-2** f>iT -1 
NCrl =r..I, D-6 
>..•SKCH = Z'**I-K'-J-1 
NT T =t·iT 
DO 1 I=l.,'\IT 
WORK TrlQOU~H TESTS FROM RIGHT TO LEFT 
I Wl RD { I ) = 0 
<"' 33-I 
Du 2 J = l , ti(H 
L= 33-I 
CALL Z~1 IT ('1AR(JdL0(J ,K.ktl\',Oi<D( I) •Ll 
IPA.R( I )=0 
F 0 L L G '>J II'! G S T 'H E. ED E 0 I F F ;v· l LI · S ,J IT H r,• I S S I N G P AJ7( E ,\JT S ?. R E .A.~ A L Y S E J ., 
I F ( ,<'A R ( !\;I \ D- 5 , I L CC l ~ L T • 0 • CR 111 ··A':' ( '\ I ,.: D- 2 ' I L OC l • L T ~ 0 ) GOT 0 l 
CALL ZBii PlA~(i\P<L'-5dL0ChV..'K' IP.t:R(I h32l 
FAT!-fER 
CALL t.8IT (i',:A'\l!Hi\D-2,ILOCh ',!<...., IPI'\'.\( I h31) 
f.iOTHE'~ 
I F ( HJ 0 R C' ( I ) ~ E 0 • I i.S v c H '" A' D • ! p tH~ ( I ) .. E Q ~ 3 ) G 0 T 0 3 
ALL POSITIVE GITS 
IF ( l wORD I I l • E •':I • 0 "'A' 0 .. I PAR ( I ) ., fC w C ) GO TO 3 
~LL N~SATI E 9IT~ 
~-oro 1 
3 MASK = ~ASK-2**(!- ll 
''lT T = r, T T- 1 
IF (i\TT.LEdl G0 TO 70 
r ELETc THIS TEST 
1 C011l T F~UE 
;~ Ti'-1 = .\iT -1 
DC 4 I = 1 , •'H ._. 
L.=O 
!33 = 33-I 
CALL Z>.">IT (\1/\SK,I33tl33,Ll32) 
I F ( L II E 1~h 0 ) GOT 0 4 
DC 5 J=K,'\T 
L = "" 
!33 = 33-J 
CALL ZSIT IMASK,I33~I33~L,321 
IF ( L. E (~II 0 ) G-..· T 0 s 














































000 16 880 
00016890 










T I M W 
PAGE 2 
CALL ZBOOL I! WORD I!l,I WOR~ IJI,IA~O,ll 
IFf I A·~ • C:O .. I 'rJORD I I l • A~D. I Ai'' .Ec,.. • !\40RD < J l I GOTO 5 
GOTG 5 
!Ff!PAql! l-IPARlJ)l8,s0,8 
8 IFIIPAFUI).EG.3)GOT0 81 
80 MASK=~ASK-2**!J-ll 
!Ff ~TT• LE.7lGOT0 70 
GOTO 5 
81 t~ASK ="<ASK-2** (I -1 J 
r-~~TT =~·}Ti-l 
IF< NTT .LE~7lGOTO 70 
GOTO 4 
s COi'-JTINuc-
4 CO!\ T l ,. UF.: 
IFIMARCltiL0CI•LToOlGOTO 7 
JAf\R (I, I LCC l "'I CCr,'P ( '•1.£-.R (I, l LOC l • iv!ASK l 






































A .... U E TS r; S - I TE~tR ' ' P..Y 
LJC - I TESER ~OR' 
I - I TE,..ER 
•I I.) 0:.7260 
000 l727J 
D·01'2~J 
EP .E:E1 TI G A STRI ~ OF !Y -A~~~ YS.;0.,1737J 
T G 2 rrlAR CTER LA EL. a~Ol 3~w 
TI ,G ;0:.17 .LO 
':0~:7.:..0 
C USA~- JOC 7 4 " 
CC017t.;.20 
00)17430 
)0017440 c c 
c 
c 
E UI E E TS 0 E 
n~J17L5Q 
-, •• ~ • h *"* .d· *' **~-o.-1~. ·lt*~'*.,· x~:.,- :-* 'd!··k .: * . -lr -i: >"'· ****-..1'-0 LJ~:;. 7 46 0 
""'~ 1 S (K I·l, I IT\<I>\l ~(.:017470 
3 
I:= ( H,·,s ( \ l l 2, 8 '7 
7 
IF ( J-l1,S (. -rZ ) -L .C) 1 '2' 1 
1 p = .+ f, 
GOT \J 3 
~.~; I T E < .('· t3 01 l 
301 Fo .::..r 1 1 At-<PL..' IT""' LA EL LOC c;.. cr ,;E Fou .D · h:,s 1 l 
GO T09 
2 IF ( HwS ( ,, 1- I • { 1 l l 4, S '4 
4 wRITE<"C' di.J) 
3 c 0 F 0 r, '" AT { I A .. : ... _t; y 0 r I l 1 s rIG T sA E L E l (; T H As. H·iiH I \ , ' i s I l 
-'· R I T ~ ( 1\l C ·'i ; 3 ''"' :: l '"i ' S ( .,, J • I ,, ( 1 l 
302 F'H ' "\T(2Il0) 
GO Tu9 
5 C J,>JTir'UE 
JI=It<ll 
.-1 6 I=?,\I 
' =~~+1 






























SUBRCUTI -.E X3 ! .(!'; , ', 'J 0 tll 
D I E S I 0 ·. L( 2 
DO 5 0 I = l ~ 
5:.)0 L (I l =0 
= 
= 2 - .• 
!"-1=:>- •*( ' - 1) 
Y' 5 J = lt'-1 
I=J-r 
IF(~XaLT.IBlGOTO 5 
L (I l = 1 
1P =.l::- +1 
Nr =IX-Id 
5 II3=IB/L 
.'·!X = "~1 
~.: ET UR~~ 
E\~D 
rv017740 
CO .... l77:::0 
.;()iJ 7760 













X I N 
ZBIT STA-T 0 
~NrY ZBIT 

















































8 ~54+ 2 
9,015) 
P; , S 
9;0 







1 d? ( 1) 
(},Q(l) 
1Ltd2,_2(l3l 


































o .... vc0470 
OOOOC480 
Z B I T 
. . 
(IPM 360-370 ASSEMBLER) 
Z B I T 










1"- l2 , 12Cl3l 
9' ( -
L lltli(:?l 
L 5 0(51 
Ll 5 , 28 

















































0•. 0') ::10J 
z 0 L 
. . . 
(IBM 360-37 ASSEMBLER) 
ZBOOL 
( L ' , ' 
I>: 
1 




A P P E N D I· X · I I 
DrcTIONARY Fn£ 
THE USE OF THE DICTIONARY FILE IS EXPLAINED IN . SECTION B OF CHAPTER I I I. 
THE FILE GIVES THE ALPHANUMERIC COlES AND EQUIVALENT BOOLEAN REPRESENTATIONS 
OF ALL PHENOTYPES AND HAPLOTYPES INVESTIGATED IN l£IDENJ WITH THE NUMBER OF 
BITS USED FOR EACH BOOLEAN CODEJ AND THE PROPORTION OF EACH HAPLOTYPE IN THE 
POPULATION, THE LOCI .ARE LISTED ALPHABETICALLY UNDER THE CODE NMS GIVEN IN 
TABLE 2. THE NUMBER PUNCHED IN COLUMN 79 OF THE LOCUS CARD IS PRINTED AT THE 
EXTREMITY OF THE FIRST LINE DESCRIBING THE LOCUS, 
0~:E .. t.JJY;>ES = 
0 
"l. ARO ... 
3 A';!.') 
3 1\0D 
~ ABD J 
3 !\C""" "\CIJ 
.:;, A3~ 
3 -,... 'J~ 
1-i • .::.P LJT Y? E:S= 
0 
'.< 
.4BC •2C9J ..; 
'( AR:: .0696 .... 
3 AS) .0612 






.... o\D2 :;) 
" .) .4)3 
3 .l\'13 
,:} A· 1.) 
HAPLOTY::'r:"S= 
0 
3 .t )3 .'JCl 
3 A)3 -~50 




3 j.. I,,... fo\:,j 
3 .t.K3 






- A - 8 DO _ AS') 
AlB 1 J 1 
-
A28 1 1 () 
Al l A , v ... 
A2 1 0 c 
e ") ' 0 
-
0 .... 0 0 
' 
~A~. 
... "! 1 " 1 t'\.!. v 
A2 1 r c , . 
3 0 l c 
'J J (_ 0 
t~l &2 F? 
-'"" 
';! J ...1 r; '• 1 
.., 0 , 0 L .J. 
"l,") 1 , ..., .... .1. 
1 l r {"\ '-' v 
:n 1 " 1 " 
21 1 l 0 
{~ Af<::. ') .Jf\LIKELY 
3 (I 0 1 
2 0 1 0 
1 1 0 0 
&1 &2 $-3 
';( 0 •" , ~· 
"' 
.J. 
2 ('\ 1 'J 
?" 
_;::; :) 1 1 
1 1 "\ c '•' 
21 , ,... 1 .. ... .... 
21 1 1 c 
RAPL. Y fT AL . 67 
3 ~) 0 l 
SYSTE· 
CP.GC• FR~Q, 4-9-73 















3 t.<3 • 045 
" '-IK3 .95'-








2 AL • 0 () 1 
2 Lt.L • 999 









2 ,\LD .099 





4 A'·· 1 
!:t. ~~ ""i l 
4 A .l 
~- ·~ ,.., 'l 
4 ,'l."l-1 
4 t',·n 





/ . A'H .. O:Jl ..... 
4 ;~ "' 1 ..001 
Lj. 
. .:..~'>'1 .coJ 
4 A,·~v~ 1 .995 
1 





A LSi.;~~ I ~~ 
X 0 

















































































A.'WU\SE ( M.,lYl 
v 1 
1 r• >.; 
0 (' 









4 }, ..... ~ f'\_jl:.:.. 
4 A\~·./2 










4 Ai42 .sOOl 
J ~i12 •""--"'"' .. 't ~ WU.L 
~~ ,.t..f't:2 
• c: Lf·l 













lj ,0, :;)4 
HAPLOTYPES= 
0 
J, /l;Pli· ""'.I-.. 1" ...,. (lr ,JV.L 
4 ;:-.,p~, J~040 
4 t\P4 (f360 
4. ,t.:,Pit &599 
&A &8 &c .; '1, ~~~ 2 
~ 1 " 0 ..... r, 
-
...; 
R ,... 1 ,., " v '-' '-'
c 0 r , 0 -~ J_ 
X 0 0 r-, 1 
SA 1 1 0 0 
CA l c 1 0 
XA l " 0 1 v 
rg 0 1 l 0 
\.:5 0 ' 0 l J. 
vr 0 0 1 1 1'\ .._ ... 
PAt C1E!., T I C ; S f R U ~·1 , U R I ~'1 E 
X r 0 1 ..., 
r 0 0 1 0 '-
0 0 1 0 0 
"· 1 ~ .... 0 ...... ... ,_ 
&A &B E·C &x 2 
r 
" 
0 1 8 001 .... 
X 0 0 ,) 1 
XC (', 0 1 1 ,, 
0 0 , 0 0 010 •.) ... 
xs 0 1 0 1 
cs 0 l 1 0 01.1 
A 1 'J 0 0 100 
X!;, 1 0 0 1 
CA l " 1 0 101 v 
;3.>\ ' 1 ,., 'J 110 .1. .. 
r!OP '<I 1\:so~\l r:r AL <I GIBLETT ,436 AP 
;(, (..; r G , 'I .1. 
c !! 0 l 0 
A r• J 0 
-
-, 
B 0 1 C) 0 
1 Oil 
1 Cnl 
•1ft.? LOT Y PS S-= 
.J 
1 ( .. )' ~ 029 
'· 1 .. 
, C'-11 .9 Bl J. 
PH E i;: C T Y P t:: S :;; 
" 2 CH2 






" 2 CH2 .. 019 
.., 
<. CH2 .,9:?0 










Ht,!:JLOTYr- E S= 
.<"\ 
; 
3 CH3 ~ 001 
3 CH3 .. 0 J 9 









i+ c -Jl-r 
1 

























0 .'"\ J 
0 1 
1 " 
"' 1 1 




&l' [,p, &F 
.... 0 1 I . .) 
0 1 0 
0 1 1 
l 0 0 
1 () 1 
1 1 0 .L 
? S [:LiQO- CrlOl I \ESTERASE 
l ') c 
J 1 0 
0 J 1 
&U &A f.,.F 
" 0 0 
() ' 1 v 
























4 r- _....: ;. 







iJ. C'"'i4 Q(l1 • - .L 
Cj. rwr 
·-·. ·f w80l 
4 CH't .. col 





2 -n~ '- JJ 
2 CO) 
0 
2 COD ,01 







2 ('('? ..... v ..... 
-iA 1~l OT Y P E.S = 
2 C02 e9'103 









2 CP ,. oz 
2 CP .98 
u l \i c " 
~s l r. " 1 v .... 
IJF ' 0 l 0 l. 
UA j 1 CJ 0 
l 1 0 0 ... 
?SEUDu-CM~LINESTERA3E 
s 0 J 
c :J 0 I 
.~ .~ 1 ,, ' .. ) 
u l D 
&.fl, [f) 
2 1 
"' l 1 1'\ 
"' 
21 l 1 J. 
2 0 1 





































i\ 1 Q 
















4 C'l , 2 ':< £~ 2 ;. 
·' 
.!.. CRl 3 0 J 1 
.~ c::u 2 (· v 1 0 
4 cu 32 0 1 1 
4 f Q'1 '-' 'J. 1 l 0 0 
"• en 31 1 n 1 v 
4 C~l 7.1 1 1 0 
4 c;:u 4 1 1 () 0 1 
4 (l~l 42 0 1 0 1 
4 CRl I ~ (\ ,.., 1 1 ·+ .:'; -v· 
" 
'+ ern 4 0 0 0 1 
Hfi.PLOT YP:':3= 
0 
4 cu ~ oo1 3 0 ,, i ;..-_r .J.. 
4 CR1 .. o~n 2 0 1 0 
4- CRl .. 997 1 1 0 c 





-. "':: 1 2 :3 4 2 
4 CR2 -?. 0 :J , _. J. 
L+ <P:J 
""'' ... u .. 2 0 1 0 
4 CR2 32 ') 1 1 
4 CR2 1 1 0 0 
4 CR2 11 ., 0 1 ;., 
4 CH2 ,, 1 t(._ •I· 1 0 
4 C~2 41 1 " () 1 ,; 
t, CR2 42 0 l 0 1 
'+ CR2 4-3 (i r'\ 1 ... 
4 r•·'? 4 0 0 "' 1 .... K.a... '" 
HAPLOTYPC:S= 
0 
4 CR2 t~ OOl 3 0 () 1 
4 C~2 .,SOl 2 ,.., \,I 1 0 
'* 
CR2 <!997 1 1 0 0 
4 CR2 , r)O 1 4 0 0 0 1 
PHENOTYPES;; 
0 
3 CR3 &1 2 3 2 



























r J ,y ;;;> t.d 
LU ~ <-t ...... 







() (':) r-1 c .-t c rl C) ::l-:: 0 ...... 0 
-.r r}J 0 
u T C) 
(\I C' _, rl ..... ., 0 ()' .-! 0. \J () rl <...:') D..i C'J r--t 
"~ ,, I.J.J I 
....... 
t. • .') 0 ....... (/) ,..., ( rl 0 c C' .---1 rl ,.., n r--1 C:t. C' <( Q ,..-,~ (.::J r-i ("\ <l.- rl 0 




() '-.I r-·-! rl t,'} <b 
j t.,') n:: c..') I ,...-, (\j r<'; .--I {<', ('\j rl <"I f'.J .:-.:;-"" <( '.( r...{ .-;: (I} 
ll'\ tO 
IJ 11 c () H H c<J U' N ll 11 1.(\ -J II 
I)') V) .--1 0' l!) V; (}""I 0 .-! lf) U) -.{JJ {'(~ !/) 
[J_i I.J.J (") I. UJ (jj 0' C> 0 w w 0 (1\ !JJ 
0. 0 • • Q. Ct .. • .$;~ n. a "' 
~ C1 .. 
>- >-· ::'>- >- >- >- >-
1-· l-· ,_ l·· l- ..... r-i r-·~ l- rl ·-1 ~- ('-J N r· 
(') JJ\ 1.(\ i.f\ ,--. If\ l(l CJ <[ .. -:r <f .:."( .::;t <f <i: C) <~( <( <[ 
'·" 
() ..... , ..... •" 
'"' 
, .... c~ .. ... ~ ..... 
'·' u t . j 
' 
.. l ...J u () () L1 c :-_ I C'J (j <"' ...J r, l • () ,- (_'\ ('} L--, _J C.l "'} 0 C, (' 
I.J..I (.l_ I.U 0 .. lL: 0 LU 




y (~ ,...-{ r-·i r··i <:.[ 0 ··-1 ...... .... C) N N N .... 
1.1 .. T. 0.. n. T. 0 .. 
2 ')I2 




.:; JI2 .065 
~ 12 • 9 3 lt 
? ·,E .''TYPES= 
'"' ..i 
1 ... ' ) 
' 
"\ A J,. .-
1 > ' 
~A?LCiv?ES= 
L: 
1 ...._. ~..~ "' .oc1 
1 ) 
' 
• q 9'7 
~·-i~ \C TYPES== 
" v 
1 ~ .... 1 ''-' 4 
1 01 


















" 1)02 .:=·9"17 £.. 
























































p E. TY ;:..:: -,_..., -
... 
"' 2. ,-y r, 
1 F{l A-r 
, v 
... . ... 
.... -y:>>-S = 
~ FV' R '.- SANCf 
1 Frl .:..2 A+ 
l t:Yl .5 A-




2 ::::yz t,p. 
:? FY2 A.r 
2 FY2 A.3 
" FY2 ;~ ::. 
,, FY2 
2 F '2 A !"\ 
Y2 e 
2 FY2 f 
') FY" R 
2 c-y') ~ 
2 FY2 FY 
HAPLJTYP = 
2 FY2 . 4 24 A J.\ 
2 FY2 . 575 0 
2 Fv~ •C. .COl FY 
PrlE',O TYPEc; = 
:; 
" 
3 GC 3 
'.\ GC3 ../ 
3 GC3 3? 
3 GC3 1 
3 -r'l ....,. _ _, 31 
(J 
68 P3 34 
1 
0 





































'~A'·J. C-<\UC . FR EQ, 4- 9-73 






1-lAPL OTYPES = 
3 GC 
3 GC3 -.2?7 







6 G .~40G 
6 G;·~i ~140 
c (';,·:1 • 200 
f) r: '1,_.;. ~t c:: ...... ( .. • 'J \,-\.) 
6 Glri .. oo1 
c r:, .... , 't • c ') 1 
t:-Yf'IOTYPES = 
(! 




HA.P LOT Y P E :S= 
0 
2 ~OT • 9 99 
2 SOT ro,, j • '.1 ..... 










':l GPT ..; 
21 1 1 Q 
:-iiRSCH FELD 62 ;::: R0"-1 CLEAVE ,p. 'ED .GEN.62 

























0 1 0 
1 0 
1-17 2 3- 5 
1) 0 ,.., 
" 
1 (: 
:!. 1 0 
c ~ 1 ... 
'w 0 1 
1 0 1 
1 (; 0 








&1 >. ~ .. :r/.. &3 
1 0 c 
.... 1 ... ~ 
' 
0 c 1 J. 




f\ 1 l 
" 
13 21 2'3 1';_, S YSTEi't 1-1 0- 73 
0 .~ 0 ., 
0 1 0 .1. 
0 1 0 
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A P P E N D I X I I I 
DATA ON PROPOSITI Willi. TRIS00-21) THEIR PARENTS AND SIBS, 
THE DATA ORIGINATE FRQ"v1 
A. WINNIPEG) MANITOBA) CANADA. 
B. PORTLAND) OREGON) U.S.A. 
c. INDIANAPOLIS) INDIANA) U.S.A. 
D, GLAsG<Jt.~ J ScoTLAND J U , K. 
MEMBERS OF EACH FAMILY ARE LISTED IN THE FOLLOr'IING ORDER: 
FATHER) MbTHERJ TRISOMIC PROPOSITUS) PROPOSITUS' SIBS, 
A. WINNIPEG DATA 
1. BLOOD GROUPS 
. . 
THE FOLLOWING INFORMATION IS GIVEN IN COWMN ORDER: 
lDENTilY: F.AMILY NUMBER} 
AGE IN MONTHS (LEFT) OR IN YEARS (RIGHT), 
SEX. 
FAMILIAL STATUS (RELATIONSHIP): FATHER} MoTHER OR CHILD (:SIB), 
PROPOSITUS, 
I<ARYOlYPEJ IF ABNORMAL. '63' DENOTES TR I S0'1Y 21. 
RAcEJ WHEN NOT WHITE CAUCASIAN, 
BLOOD GROUP PHENOlYPES: 
ABO 
f\1\JSs (LITTLE s PR 1 NTED As l) . 
RH: c AND c (LITTLE c PRINTED AS S). 
D (+OR-), 
E AND e (LITTLE e PRINTED AS D, 
DU INDICATED IF POSITIVE, 
XGA (+OR -). 
I<ELL: KJ KJ ~J ~ (LITTLE K PRINTED AS C) I 
luTHERAN (: lu) : AJB I 
Pl. 
lEwis ( :l£): A. 
DuFFY C:FY): AJ B. 
KmD ( :JK): AJ B. 
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A+ (.,.. "' -
~. + r..;.. V -
A-t- C+ " -
A+ C- K-
.!l. + C+ -
'P LL Trl :) 











t - c~ ( - KP -+ -+ P-
A ~ c~ - KP -.,.. ~ ~ -.,.. ?-
A- (+ ' - ~P - + L ~ -+ ? -
A- Cot- .' - ~p -+ L,.,-+ D-
~ + ~+ K- KP -+ LU-+ P ~ 
P...+ C+K- ,'P-+ LiJ --'- P+ 
.. :. + c~.<- :' P-+ :... L-T P+ 
A+ c- - · VP-+ L0 - .,.. P+ 
A+ C+ "' - KP -+ LU-+ P+ 
A- C+K- KP -+ LU-.,.. P+ 
A- C+ ~ - ~r -+ L ~ - + ? + 
A- C+ <- (P -+ Ll -+ P-
A- C+ .< - KF -+ LU-+ P+ 
A+ c-<- ~P -+ LU -+ ? + 
~ + C+~- KP -+ LU-+ ? -
A+ C+< - ~P -+ LU- + P+ 
A+ C+K- KP -+ LJ -+ ? -
~ - C+ K- <D -+ LU-+ D+ 
A+ C+ K- KP-+ ~ ~ -+ ~ + 
P+ :+ K- K? -+ LU-+ D+ 
A+ C+ K- <P -+ 0-+ P+ 
A- (.,.. - 'P -+ LU-+ ~ -'­
A+ C+ K- .<P -+ LU++ ~ ­
A+ (+~ - vp -+ LU+.,.. P+ 
A- C+ Y- K0 -+ LJ ++ P+ 
A+ r+ K- (P -+ LU-+ ? + 
A+ C+ Y- <P -+ LU++ y -
A+ C+ K- ~~-+ LU-+ ~ + 
A+ C+K- K ~ -+ LL+ + P+ 
A- C+~- < ~ -+ LU-.,.. ;::> -
A-r c- :· - · P-+ LU-+ P+ 
A- C+ ~ - K~ -+ LL-+ ;::> .,.. 
~ + C+ - ~P -+ LU-+ ?-
A- ( -'- ( - Y?-+ LU-+ P-
;, + (-'- ( - , u-+ LJ -+ ? + 
A+ C+ ~ - <P -+ LJ-+ ?-
A- C+ K- vp -+ LU-+ P-
A+ C+ K+ :'P -+ LU-+ 
A+ C+ K- VP -+ LU-+ 
A+ C+ K+ K~ -+ L ~ -+ 
A ~ ~ · ~ + :<.P -+ LU- + 


































F Y.._+ J'~" ++ 
FY ++ J<-+ 
rY ++ J --. -+ 
:='y ++ J -.,.. 
f"Y ++ J"+.,.. 
FY +- J :<. -+ 
Y-+ J -+ 
FY ++ J ( -+ 
FY++ J K-+ 
f'Y-.,.. J +-
::: Y--+ J f, -+ 
PY-+ J , .. ++ 
FY-+ J ++ 
FY++ J + + 
FY++ J .<++ 
FY-+ J <++ 
F Y-+ J <. +-
FY ++ J l( -+ 
FY++ J r<. +-
;:v -+ J ,( ++ 
FY ++ J / ++ 
:=Y ++ J r<. ++ 
FY++ J r< +-
FY++ J.<+-
FY ++ J K+-
FY-+ J'' +-
FV +- J :<. -+ 
FV +- j , ++ 
FY+- J K-+ 
FY +- J : ++ 
FY+ + J<++ 
r Y++ j :( T+ 
:::y++ J ~ ++ 
FY+- J , +-
FY-+ J , ++ 
FY ++ J,++ 
=-Y+ + J ++ 




FY ++ J ++ 
FY++ J K-+ 
FY -+ J K++ 
r=y -+ J K-+ 
FY +..- j ++ 
FY ++ J, ++ 
A- (+ , - :<. F-+ LU- + ~ + ~ c - FY-+ J -+ 
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~··oo 12 
\~ 0 'J l2 
'.P~ 12 
'!, p ') 13 
I;!P) 13 
~r_;po 2. 3 
'XP:l3 
',<,PC 2.4 
'NP:l lt .. 
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A~ C+K- (P-+ L -.,. ~+ 
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C+·- ~ 0 ~+ LU-+ P+ 
C+ K- <P-+ LU-+ D+ 
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DUXG <E LL K, ~ t., T~i P 
A+ C+<- KP - ... LUTT ? + 
~ ... c~<+ K0 -T LJ-+ P ~ 
A~ C+<- KP -+ L U-~ P+ 
A+ C+<- K0 -+ LU++ ?+ 
A+ c~~+ ~P -+ LU++ ?+ 
A+ C+(- KP-+ LU++ P+ 
A+ (T ~- KP -+ L~++ P+ 
A+ C+ <+ <P -+ LU-+ P+ 
A+ C+ ~- K0 -+ LU++ ~+ 
A- (+V+ K~ -+ L U -~ =>+ 
A- (+,- KP -+ L0 -+ ~ + 
A- C+<- ~P -+ LU-+ P+ 
f:.. - C+<..+ K? -+ L' -+ ? + 
A- C+~- /~-+ LJ -+ D+ 
A- (+ ( + V? -+ L~-+ ? + 
A- C+ K+ K0 -+ LU-+ P+ 
A- C+K- Y~ -+ L~-+ P-
AT C+K- ,P-+ L~-+ D+ 
A+ C+ <- KP-+ LL-+ P+ 
A+ C+K- <D -+ Lv-+ P+ 
A+ C+ K- KP -+ LU-7 P+ 
A- C+~- K?-~ LG-+ 
PI + C+f~- ( 0 -+ L ..,-+ 
A- C+K- K 0 -+ LU-+ 
A+ C+~- KP -+ LU- + 
A+ C+K- KP -+ LU-+ 
A+ C+ K- <P -+ L~-+ 
A+ C+ ,+ <P -+ LU-+ 
A+ C+ K+ <P-+ LU-+ 
A+ (T:+ K~ -+ LU-+ 
A+ C+K+ <~-+ LU-+ 
iH C+ <- '.P -+ L'J - + 
A+ C+ ~ + KP-+ LU-+ 














A- C+ K- <P -+ LU-+ D+ 
A+ C+,- <P-+ LU-+ 0 + 
A+ C+K- <P -+ LU-+ ?-
A+ C+Y- KP -+ LU-+ 0+ 
























P- C+ K- KD-+ LU-+ P- LE-
A- C+ K- <P - + LU-+ P+ L~­
A- C+<- KD -+ LU-+ 0 - LE+ 
A- C+ K- KP-+ LU-+ P- LE-
A+ C+ , - <P-+ LU-+ 
A- C+<+ KP -+ LU-+ 
A- C+ ~ + ~P-+ LU-+ 
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t=y -+ j~TT 
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FY-+ J( r·+ 
FY- + J<.++ 
FY ++ J,<++ 
FY++ J<++ 
FY++ J<-~ 
t=Y++ ..; ++ 
C"Y++ J ~+ -r 
t:: Y++ J <.-+ 
F Y++ j,,-..L 
r=y+- J ·,++ 
FY++ J , +-
FY-+ J :<. -+ 
F'f-.,- J -" -r+ 
F'r'--t- J :, ++ 
r=y-+ J ( -r + 
FY++ J K+ + 
FY++ J :.... -+ 
FY+- J K-+ 
FY-+ J <-+ 
FY++ J r.-+ 
FY-+ J" ++ 
FY- + J '.+-
FY - + J 'd+ 
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FY-+ J K+-
F'Y -+ J <+-
Fr -+ J,++ 
FY-+ Jt<.++ 
FY.,.- J K+-
cy-+ J .<-+ 
FY++ J <++ 
FY++ J .< ++ 
FV++ J-....++ 
cy-+ J K- + 
r=y -.._ JK++ 
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LL7. P DUXG r<::LL r.? 




(+ <" - ( ::> -'1" 
A+ C+ '< - '~':> -+ 
A+ C+K- YP-+ 
A+ C+ V- <P-+ 





A- C+K- <P -+ LG-+ 
A+ C+K- KP -+ LU++ 
A+ C+<- / 0 -+ L ~ -+ 
A+ C+ K- KP -.,.. LU-+ 
A+ C+ K- ~o -+ LU-+ 
A+ C+'- < ~ -+ L U ~+ 
.~ + C+ v - ""'P-+ LL++ 
A+ C+K- ,P -+ LU++ 
A- ("- ( - <0 -+ Lu++ 
A+ C+<- ~P -+ LJ ++ 
,!..- C+ : - <? -+ Lv-+ 
;:.,+ C+''- <? -+ L-' -+ 
A+ C+ ~ - <P-+ L~-+ 
A+ C+K- KP - + LU-+ 
A+ C:+ K- K0 --r LW-+ 
A- C+<- KP -+ LU-+ 




































A- C+ K- YP -+ LU-+ ?+ ~ E ­
U+A+ C+ ~- <P -+ LW-+ ~ - ~ E -
A+ C+ / - <P-+ LU -+ P-
A+ C+K- ~~ -+ U-+ ::>-
A+ C+(- <P-+ LG-+ P+ 
; + (1~- YP -+ LU--t- ?+ 
LC+ 
A- C+ K- <P-+ LU-+ 
~ + C+ <- vp-+ LU-+ 
A+ C+K- <P -+ LU-+ 
A+ C+' - <~ -+ L~-+ 
1- - C+ :' - '<.P -+ LU-·+ 
A+ C+ <- :( P-+ LU-+ 
A+ C+ <- :( 0 - .,.. LU-+ 
A+ C+ f - <.P -+ LG-+ 
A+ C+~- <~ -+ L~-+ 
A+ C+ K- <P -+ LU-+ 
ft+ C:+K- rP -+ LU-+ 
A+ C+ - ~~ -+ LU-+ 
A+ C+<- K? -+ LU-+ 
A+ C+K- ;· ? -+ Ll;-+ 
;-. + C+'~- KP -+ '.., -+ 

























FY-:-+ J , - + 
C'V+- J +-
fY+~ J -+ 
FY+-r J/+ .... 
FY++ JK'+-'-
FY+"t' J <+ .... 
FY-+ J ( ++ 
'=Y-.,.. J,+-
FY-+ J t- ++ 
FY-+ J ++ 
FY-+ J <+-
FY--r- J ++ 
cy- ..... J:(+-
FY-+ JK+-
FY-+ J :' +-
FY-+ J ;< +-
FY-+ J .< ++ 
FY-+ J'+-
FY-+ J -+ 
fY ++ J;(++ 
FY -+ J ~' -"­
F'Y ++ J,-+ 
FY-+ J K++ 




FY++ J ', +-
FY-+ J V+ -
FY..--r .y-. +-




::-y.,..+ J <++ 
cy+- j ++ 
FY++ J <- + 
FV.;.. · . . .,.. 
FV ++ J <++ 
C' y ++ J'•' -+ 
c:y+ - J ........ 
=i-+ J.::.-+ 
FV ++ j +"i" 
F='Y -+ J <. .,-+ 
FY -rT J - + 
C+ v- <P -+ LL-+ P+ 
(T K- :P --r LU-+ c ~ 
r= - FY-+ J ,< -+ 









t:: l ~ 
'?21!) 
p ~, ~ 
~-p · lt; 
P21" 










·:; 21 B 
;_'It=-""' 16 
' "2 >:: 
0 21& 
·p 2J. 9 




:r..: 2 ~c 
'J-- ., 2 (', 
·p- ') 1 <'.. ~ 
,P221 
0 2')1 
·p ?? 1 
·'?221 
















































F r-"1 T 


























S I '"' 
.;:: I 
S I-
;::- '· T 
·~r 
p:--o 












































' .... zz 
'UZ 
'·i'·,zz 




























\ ·,.zz cs 
':,'~SZ CS 























































. ':z SS D-
. ·.·zz ss ::~ ­
,, zz ss i) -
;.. ··~SZ. SS ~­













































.:.-L.. K? LvTH ? 
(.I. it'-
.... ' 
:< o -1- L' -+ P-
A+ C+'- vp -1- LU--r ~ ­
A+ C+~- <P-+ L~-1- F-
A .... (+~- KP -+ LU-+ P-
~+ C-r!- K~-+ L~-+ J-
C+K- "':.. -+ L. U --T 
'+~' - ."~-+ LL-+ 
C+:< - :<. 0 -+ LL'-+ 
A+ C+K - ~-+ ~U-­
A+ (+. - K0 - + LU-+ 
A+ C+ - KP -+ LU-T 
t+ C+<- YD -+ L U--T 
A+ C+."- <0 -+ LU-




A- C+ K- <P-+ Lu-+ P+ 
Ai- C+ - <P -+ ~u-+ c+ 
A- (1-K- vO -+ LL-+ D+ 
A- C+K- ~n-+ LU-+ P+ 
A+ C+K- ' ~ -+ LG-+ P+ 
A+ c,..· - (P-+ LL'-+ P+ 
A+ ~"+ . - ~D-+ LJ--r D+ 
A+ C+' - KP -+ u-+ P+ 
A+ C+. - KP -+ LL'-..... P+ 
A+ C+~- <P-+ L·J-+ P+ 
A-r C+K- 1( 0 -+ LU-+ . :+ 
A+ C+<- KP -+ LU-+ P+ 
~+ c+· - K~ -+ LU-+ P+ 
~ + C+<- KP -+ LU-+ D+ 
A+ (+!- KP-+ LU- + ~+ 
A+ C+K- K; -+ U-+ D+ 
A .... C+K- rP -+ LU-+ 
A+ C+K- K~-+ LJ++ 
A+ C+! - :<?-+ LU++ 
A- C+K- <~-+ LU-1-
P..+ C-r-'"- :·c -+ L~-+ 
A+ C+K- KP -+ LL-+ 
A+ C+~- :<P-+ LU-+ 
A+ - ..... <- K~-+ L~-+ 
A+ C+K.- VP-+ LU- ..... 
A+ C+<- f. 0 -+ Ll -+ 






































~+ (+, - KP-+ LU-+ P+ LE:.,.. 
A- C+K- <P -+ ~ U -+ p,.. L_+ 
;+ (+' - KD-+ LU-+ P+ LE+ 
A+ C+<- ~P -+ LU-+ C+ ~E+ 
t·- c-t " - vo-+ LU-+ P+ ~.- c+ 
Ff 
=Y-+ JK- ..... 
' .. 
..) , - ... 
;=Y-+ J~-+ 
F'r-r-- .;K--'-
FY++ J "' ++ 
FY-'-- J -+ 
FY+ - j'/++ 
FY ..... - J ; -+ 
FY+- J<++ 
f=(++ JK+-
;=-v+.,.. ,..~ '-r-+ 
FY +- ..i<+-
FY+- J .< ..,..-
FY +- J +-
;=Y++ J ++ 
FY++ J "'++ 
:.:y - + j:'.J..+ 
FY +- J:< 1--
FY++ J<-+ 
t::Y++ J' +-




t:"Y-+ j ;,T+ 
FY-+ J ( +-




FY++ J . ..,+-
FY--r 
C:';-..+.. 
I I ' 
J <. ++ 
.., ~ +-
;:::y+ + .;:<.+-
i=Y-+ J. + ..... 
FY++ J K+-
FY++ J <.+ ..... 
FY+1- J ~++ 
FY-+ J ++ 
FY-+ J . + ..... 
FY-+ Jk..++ 
FY++ J K++ 
fV-+ j ; +-
FY--'- J <+ + 
FY - + JKi--
FY++ J , ++ 
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DUX3 ~~L L <P LUTH o 
A- C+ - <P -+ L ~ -;- P+ 
A- (+Y- 'P -+ LU-+ ~+ 
+ c ~ - <P -+ ~ u-~ P+ 
A- c~ - ·D - + L U -~ ?+ 
A- C+ <- <P - + L ~ -~ P+ 
P.+ C+ :~ - t ::++ L·J -+ 
t-.+ C+<- Y0 -+ 
A+ (+ ;,: - :<.;:::++ 
,A_..,.. (+,(- KD -+ 
'A + C+ - <,.)+;-
.~ + C+ '~ - <P-+ 
C+f...+ K'.) -+ 
(+(,- :<.~ -+ 











































A+ C+ <- KP -+ LU-+ P+ LE-
A+ C+ , - '~'~-+ LU-+ ? + LE-
A+ C+K- VP -+ LU-+ P+ L ~ -
A. + (+1(- , "-+ LU-_.. P+ 
A+ C-r~- '~'P-+ LU-+ ? "~" 
A+ C+ K- ~P-+ LU-+ P+ 
A+ C+ K- KP -+ LJ-+ P+ 
_!:,_+ C +K- ;' P-+ LU-~ ;:J + 
A+ C+~ - '~'P-'1" LU-+ P+ 
A+ C+K- KP -+ LU-+ ;:>+ 
~ + C+ ' - ~ 0 -+ LU-+ P+ 
A+ C+K- ~p -;- LU-+ P+ 
A+ C+K- KP-+ LU-+ ? + 
A+ C+K - KD -+ LU-+ P+ 
A+ C+~- K~ -+ LJ ++ D "'" 
A- C +( - KF' -+ L '.J++ P + 
A+ C+ ~- <P -+ LU-+ ~ + 
A+ C+<- (P -'1" LL++ P+ 
A+ C+K- KP -+ LL-+ 
A+ C+K - ~ 0 -+ ~U-+ 
A+ C+ ' - rP -+ Ll -+ 
A+ C+K - KP -+ Ll -+ 
A+ C+< - ; P-+ LU-+ 
AT C+ ~- <P -+ LU-+ 
A+ :+<- '2-+ Ll -+ 
A+ C+~- KP-+ LU-+ 
A+ C+K- KP -+ Ll -+ 
~ + (+ V- ~P -+ LU-+ 
A- C+K- KP -+ L0-+ 
A+ C+~- K? -+ ~ v -+ 






































K r ;.A> 
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Fv++ j f +-
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F r'++ J <+-
FY ++ J K -
;=-Y++ J "' -+ 
FY++ J / + 
FY+- J + 
Fr -• J <++ 
F'r+- J ( +-
FY++ J, +-
FY+ - J Y+-
FY+-r J r ++ 
FY-+ J,<-+ 
FY-+ J '~' ++ 
FY ++ J:<.++ 
~Y ++ J +~ 
FY-+ J :<. -.._ 
FY++ J K-+ 
FY++ J r, ++ 
FY ++ J : -+ 
FY-+ J , -+ 
FY +"'" J K+-
FY.,.+ J <++ 
FY.._ + j . ++ 
c.:- y +~ J <+-
FY +- J '< +-
FY ++ J <. -+ 
FY++ .J ; + ... 
FY++ J K++ 
FY++ J<-+ 
FY+- J ,( ++ 
FY-+ J <-+ 
FY++ J <++ 
FY-'-..:.. J ' +-.. 
FY ++ J<;--
FY+- J ,/ +-
FY+- J<+-
FY-+ J <-+ 
FY-+ J " +-r 
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DU~G CLL ~~ lvT ~ ? 
A- :+ ~ - K~ -+ L ~ -+ P+ 
A+ C+ ~ - t? -+ L ~ -+ P+ 
' + C+<- (D -+ LJ -+ ~ ­
A+ c~<- KP -+ L~-+ o -
A+ (+ ( - vp -+ ~-+ ? T 
~ + C+ K- YP -+ LL- + P+ 
A- c~ ( - ' P-+ Lv-+ P+ 
A+ C .... :' - / :J -+ l U -+ 0 + 
A+ (+ ~ - V? -+ U-+ P + 
A+ C+<- < ~ -+ LU-+ D+ 
A+ C+ <- P-T LJ -+ ~ + 
A+ C+K- K? -+ L ~ -+ 
A+ C+ ( - <0 -+ LJ -+ 
C+ K- ;<P-+ L'J -+ 
A ~ C + ~ - v~ -+ LU-+ 
A+ C+ v- /P -+ LJ -+ 
A+ C+ <- <P -+ LU -+ 
A+ C+ Y - K0 -+ LU-+ 








A+ C+ ' - KD -+ LU++ P+ 
A+ C+K- ~P -+ LU++ O ..J. 
A- C+ K- KP -+ LU+- P+ 
A+ C+~ - K~-+ LJ -+ P+ 
A+ C+K- <) -+ LU++ P+ 
A- ( +/ - KD -+ LU- + P+ 
A+ C+ <- <~ -+ L ~ ++ ? + 
A+ C+ <- ~P -+ LU +- ? + 
A+ C+ K- KP -+ L ~ +- P+ 
A+ C+\ - KP -+ LU++ P-
A+ C+ K- KP -+ lv -+ ~ + 
A+ C+<- KP -+ LJ ++ P+ 
A- C+ K- <P -T L ~ -+ P+ 
A+ C+ K- K~-+ L ~ ++ ? + 
A+ c~ <. - :? -+ LJ ++ P+ 
A+ C+ K- ~P -+ LU++ D+ 
A+ c ~ ~ - <P -+ LU- T ? + 
A- (+ ( - /" -+ L ~ -+ D+ 
A+ C+K - 'P-+ LU-+ ~ + 
A+ C+K - <~ -+ LU-+ ? + 
A+ C+K - KP -+ L ~ +,.. P+ 
C+r( - ''P -+ 
C+ ' - <P -+ 
C+ ~ - (P -+ 
C+ <- Yr -+ LU- + 
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A ~ C+<- tP -+ ~ U -"T" D ~ L~ + 
A+ C+ K- 'D -+ LU-+ P+ ~ ~ ­
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=-y-+ J"' ++ 
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FY -,.. J ( ++ 
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FY--r- JK-r-+ 
FY --'- J ++ 
FY+,.. J<-+ 
FY --r J , +-
FY++ J . -+ 
FY-+ ~' K++ 
FY-.,.. J <.._+ 
F Y++ J +~ 
f Y++ J ;( ++ 
FY++ J ++ 
c: y ++ J K++ 
FY ++ ~ < +­
FY+- J <+-
FY ..-+ J +-
FY+- J <.+-
FY++ J .< ++ 
FY++ J t<. ++ 
F)'+- JK++ 
FY -r+ J K++ 
FY -+ J<,..-
FY~+ J , .,..-
FY++ J +-
~='Y++ J K+-
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FY -.,.. J ~" + + 
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:.~U.'G v:::LL k'.P LUT:i P 
A- C+~- KD -+ U-+ P+ 
A+ C+<- ~P -+ LU-+ P + 
~+ C+'- ~~-+ L ~ -+ 
A+ C+K- ~P -+ Lu-+ 
A+ (+ ( - 'P -+ LU-+ 
A+ C+"- YP r+ L U-+ 
A+ (+ ,' - .<f-'+ r L'_,'-+ 
A+ c~ - K0 ++ LU-+ 
i\+ C+ " - <..J -+ UJ-.,.. 
A+ C+,..- ' 0 ++ Lu - + 
A- (+/- <~++ LU-+ 
A+ C+<- KP -+ ~ u -.,.. 
A+ c~ ' - ~;-+ LU-+ 
A+ C+<- (P -+ LL- + 
A+ C+K- KP -+ LU-+ 
A+ C+K- :P-+ LU-+ 
A+ C+K- v~ -+ L~-+ 
A+ C+ - K?-+ LJ-+ 
A+ C+<- ~ -+ LU- + 
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A. + (+;..:- ''? -+ t.. U-+ ? + L=-"" 
A-r C+ K- ¥P-+ LU-+ P-
P+ C+<- <.? -+ LU-+ ~- L~­
A+ C+ ' - <~-+ LL-+ ~- LE+ 
A+ C+'- ~ -+ U-.,.. ?+ 
A+ (+ / - KO -+ L U-+ 0 + 
A+ C+~- YP -+ LU-+ P+ 
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FY ~+ J K+-
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A+ C-k - .( -+ 
:~ C~"- /P - + 
A. + (+. - ;<:J-+ ,_ ... 
- J 
C+K- vp -+ LU-+ 
C+ :<- ;<~ -+ LU-+ 
C +K- :' ::> -+ LU-+ 
~~V- KP--r LU- + 
C+v- /P-+ L~-+ 
A+ (+K+ <? --r LU-+ 
M+ C+<- KP -+ L~-+ 
A+ (+ ( + <P-+ Lu- + 
~ + C+/+ KP -+ L0-+ 
'+ 
M' C+ .< + U-+ 
A+ C+ K- V~ -+ L~-+ 
A+ C+ <- KP-+ LU-+ 
A+ C+K- K? -+ LU-+ 
A+ C+K- ~P -+ L0-+ 
A+ C+ <- ~P -T LJ-+ 











A+ (+ V- :~ -T LU-+ ~+ 
U+A- C+:- ··p -+ L ~ + + P-
C+(- <P-+ LU-+ P+ 
A- C+r- ~~ -+ L ~-+ P-
U+A+ C+<- K?-+ LG-+ ~ ­
~ - C+ ~ - KP -+ LU++ P+ 
~- (+V- fP -+ LU++ D-
C+'•- ;• P--r L!..l+-r P-
A+ C+ '< - KD -+ L' J++ P+ 
C-r K- ~- -+ L~ P-
A+ C+ <- K~ -+ LU++ o-
A- C+v- KP -+ L~++ P-
<P -+ 
A- C+ '( - ~'P -+ 
A- C+V- :<,P -+ 
.A- (+:·- < :' -+ 
A- C+<- <P -+ 













A+ C+K- KP-+ Lu-+ P+ 
A+ C+<- <P-+ L ~ -+ P+ 
,- (+ ~'- KP -+ LU-+ 0 + 
A+ C+<- KP -+ LU-+ P+ 
A+ (+ ;- KP -+ LU- + P+ 
~+ (+ K- (P-+ L ~-+ P+ 
A+ C+ <- <? -+ LG-+ D+ 
A+ C+<- KP - + L ~ -+ c + 
A+ C+ <- KP -+ LJ -+ ~ + 
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A- C+ , - <; -+ L~-+ 
~ + C• <+ ~~ -+ LU-+ 
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A+ C+ , - vp-+ L ~-+ 






A+ C+ K- ~P-+ LU-+ ?• 
A+ C+ v- ~? -+ LU-+ ?+ 
A ~ (+ , - <P -+ ~ U -+ P+ 
A+ C+~- <P -+ LL- + P+ 
A- C+ <+ KP -+ LG-+ P+ 
A+ C+<- K? -+ L; -+ P-
A~ C+K + ~P -+ LU-T P+ 
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·~ C+<- ~ ~ -+ J -+ 2+ 
!\+ C+:<- i<' •• =-+ L ' --r ::>-
A+ C+~- VP -+ ~ U -+ D-
J +A+ C+K- KP -+ U-+ P-
A- C-r , - KP-~ L ~ -+ P+ 
~+ C+<- ·P-+ L~-+ P+ 
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C+ K- KP - + P-




C+K- KP-+ LU- + P+ LE-
C+K+ KP-+ LU- + P+ 
C+K+ . ? -+ U- + P+ 
C+K- ".P-+ Lli - .:.. P+ E+ 
C+K+ KP - + U- + P+ 
(T K+ <P - + LL-.:.. ?T LE + 
A+ C+ ~ - KP-+ LU-+ P+ 
AT c+ v + rP -+ LL-+ P+ 
A+ c~K+ vc - + L' -+ P+ 
A+ C+ K+ K? - + Lw-+ ?+ 
A+ C+ <+ K0 - + LU-+ P+ 
A+ C+K - <P -+ L~-T P+ 
(+ '(+ l(P -+ 
C+ Y- K_C --r 
C+'<' + K::>-+ 
C+ K+ '(P -+ 
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.A. + (+ 1( - .'P -+ LU-+ 










A+ (+ V+ KP -+ LU++ D+ 
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A+ C+ K+ KP-+ LU++ P+ 
A+ C+ '< + K? -+ LJ-+ 
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A+ C+K- :~ -+ LU-+ 
~+ CT~ - <P-+ Lu-+ 
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.~- C+ <- '( 0 -+ LU-+ 
A+ c.:.. K- KP -+ L ~-+ 
A+ C+K- KP -+ LL-+ 
A+ C+ ' - ',P -+ L_-+ 
(.>,+ C+V- ,'0 -·+ LU-+ 
A+ C+K- <C -+ L~-+ 
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A+ (+,- K~ -+ LU-+ 
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A+ (+ - ~P -T L~-+ 
A+ (+'- <~ -T L~-.J.. 
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A+ C+ ' - ~~-+ LU-+ ~+ 
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A+ c· <-
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A+ C+ ~ - ' 0 -T L ~ --'- P+ 
A- ( +V+ <? -+ LJ -T ~ + 
A- (+ V.o. ( ? -+ ~ J - + P+ 
.A. - C+ !< T .<? -+ L', -+ :J+ 
AT(+ ' - ' P-+ L U-"f' P+ 
A+ C+<- KP -+ LU-+ P-;-
A+ C+ . - KP -~ L ~ -+ ? -
A- Ct- 1<. - <:=> -+ 
A+ C+ '" - .) -+ 
l-\ - C+l- ~~ -+ 
A+(+: - "' 'J --;-
A+ C+K- <P -+ 







A+ C+ ~- <0 -+ L U -~ 
A- C+ K- '(D -+ LG-+ 
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A- C+ <- ~ 0 -+ LU-+ 
A- C+ K- VP -+ LU -+ 
A+ C+ K- ' P-T L U-+ 
A- C+ f - KP -+ LU- + 
A. - C+ K- YP -+ 
A+ (T ( - vp-+ LU+ + 
A- C+ f - ( 0 -+ LU- + 
A+ C+ K- K0 -+ LU++ 
A- C+ ~ - vp -T L ~ ++ 
A+ C+ ~ - KP -+ LU-+ 
A+ C+ K- <P -+ LU-+ 
A+ C+K- vp --r LU-+ 
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CJXG KELL KP LLTM P 
A+ C+K- ~D -+ LU-~ PT 
A+ C+K- KP -+ LU-+ P+ 
A+ (+ ~ - ( P-+ LJ -T P-
A+ C+ ~- KP-+ LU-+ P+ 
A+ C+K - ~P-+ LU-+ P-
A ~ C+ K- K? -+ LU-+ P+ 
A- C.._ ~ - KP -+ LU-+ P+ 
A+ C+ <- K? -+ LU-+ F+ 
A+ C+ V- <~-+ LU -T P+ 
A- C+K- K~ -+ LU-+ P+ 
A+ C+K - <P -+ LU-+ ?+ 
A+ C+ i" - <0 -+ L!J -+ P+ 
A- C+ K- KP -+ L ~-+ P-
A+ C+K- VP -+ LU-+ P+ 
A- C+K- KP-+ LU-+ P+ 
A- C+ ( - KP -+ LU-+ P-
A- C+ K- KP -+ LU-+ P+ 
A- C+K- KP -+ LU-+ P+ 
A- C+K- (P -+ LU-+ P -
A- C+~- KP -+ LU-+ P+ 
A+ C+<- KP -+ LU-+ P+ 
A+ C+ '' - r.,P -+ LU-+ P+ 
A+ C+~ - KP -+ LU-+ P+ 
A+ C+ <- KP-+ LU-..,.. P+ 
A+ C+K- KP - + LJ -+ P+ 
A+ C+K- KP -+ L~-+ P+ 
A+ C+ ,., - KP -+ LU-+ 
A+ C+Y- KP -+ L ~-+ 
A+ C+K- KP -+ LJ -+ 
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2. GMJ INVJ HP~ TF AND Gc PHENOTYPES 
IN THE CASE OF GM AND lNV1 POSITIVE AND NEGATIVE ANTIGENIC RESPONSES 
ARE CODED AS 1 AND 0 RESPECTIVELY, 
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B. PrnTL.AND DATA 
PoSITIVE OR NEGATIVE ANTIGENIC RESPONSES ARE LISTED FOR THE FOLLOWING TESTS: 
ABO A) B 
RH c c 
n!Ss MJ N 
KEu... KJ K 
DUFFY ( :Fv) A) B 
Kmn ( :JK) A) B 
luTHERAN ( : lu) A) B 
DIEGO ( :DI) A 
p PI 
lEwis ( :LE) A) B 
SECRETOR SE 
&.1 L5 
PHENOTYPES AT THE FOLLOWING LOCI ARE ALSO GIVEN: 
TF J HPJ E2J E1J Gc) ACPL AKJ fPGDJ PGM1J LP J PTC TASTING) ADA) PMv2 AND C'3, 
FA . I ;) Ae ~H ,-_. KL FY JK L!.... I D LE SE Tr rlP E2 El GC ACr-- AK 6P PGI LP G' PTC AD 11 ;:... Y2 C3 
0 1 1)7 1002 
0 1 G7 1003 
0107 0001 
-+ ++ - + + 
++ -t-+ -.,_ T ~ 
++ -+ -+ + 
0109 1000 ++ +- -+ + 
0 1 09 1001 +- ++ ++ -+ -
0109 0001 +- ++ +- -+ -
0120 1007 
OlLO 10~4 _.,.. -+ -+ T + 
0120 OGOl +- -+ ++ -+ + + 
0120 01C5 .,.._ -+ -+ -+ .,.. + 
0126 1002 -+ ++ -+ + + 
0 1 26 1003 -+ -+ +- -+ + + 
0126 c~c1 -+ +- -+ - + 
0 142 1002 -+ ++ -+ .,.. + 
0142 1~03 + - -+ ++ -+ + + 
8142 vCl1 +- - + - + -+ - + 
0142 0102 +- _.,.. ++ -+ + + 
0142 0101 +- -+ ++ - + + + 
0142 ClOG +- - + ++ -+ + + 
+ 
+ 
0149 1C)6 -+ +- ++ -+ -+ ++ - + 
0149 10~7 -+ +-r +- -+ -+ +- ++ 
0149 000 1 +- ++ -+ -+ ++ -+ 




+- ++ -+ + + 
+- ++ -+ + + 




0 1 6 7 1008 
0167 1DOS 
0167 000 1 
C167 0105 
-+ +- -T + + + 
+- -+ -+ - + + 
++ ++ -+ -+ ++ + 
++ ++ -+ - + 
')169 1007 
0169 1 006 
0169 COOl 
+- +- - + -
-+ +- -+ + 
++ +- -+ +-
0183 1009 ++ +- +- -+ + 
0183 1010 ++ ++ -+ + + 
0163 COOl -+ +- +- -+ + 
0183 Jl04 -+ +- +- -+ + 
0183 0105 +- ++ .,..+ - + + 
0183 J106 -+ +- +- -+ + 
0 123 0 107 +- ~+ +- -+ + + 
0 190 1015 ++ -+ -+ - + + + 
0190 1016 +- ++ +- -+ + + 
0190 COOl +- ++ ++ - + + 





+ --r + cc 21 -
+ -+ .,.. ('" 2 ~ 
+ - + 
+ + 












+ -- + 
+ -- + 
+ -+ + 




+ - + + 
+ -+ + 
+ +- + 





+ -+ + 
+ -+ + 
+ -+ + 
+ +-
+ - + + 
+ -+ + 
+ - + 












c 21 + 
c 22 -
c 21 -
c 21 + 
c 22 
c 21 + 
c 22 -
c 2 1 + 
c 22 -
c 22 + 
c 22 -














c 2 1 -







BA 11 A 11 





U 11 B 
:..J 21 b 
:..J 21 B 
11 A 11 
11 A 11 
11 A 11 
11 fl 22 
11 A 21 




BB 11 AA 
BA 11 AA 
s,.:., 11 AA 
U 11 B 
U 11 BA 
u 21 a 
u 21 a 
U 21 B 
u 21 8 
U 21 CB 
U CA 
u 21 (3 
'J 21 BA 
11 A 11 
11 A 21 
11 ;~ 21 
11 A 11 
11 p, 11 
11 A 21 
11 /., 11 
11 A 11 
11 A 11 




BA 11 /i 21 
BA 11 A 21 
BA 1 1 A 11 
u 21 
A 21 3A 











U 21 A 
J 2 1 ~i 
U A 
U 21 3A 
11 A 11 
11 A 11 
11 A 1: 
11 A 11 
11 ;:, 21 
11 A 21 
11 A 11 
11 A 11 
11 A 21 
1 1 A 21 
11 A 21 
11 ;\ 2 l 
11 A 11 
11 A 21 















































FtC..'I\ L\D AS RH ~..-~ J KL FY JK LU )I P LE SE TF HP [2 El C:C ACP AK.. 6P PS' L;:: ,;) ' PTC A!:>A A Y2 C3 








-+ -+ -+ + + -+ 
-+ -+ -+ -+ + 
0102 -+ ++ -+ + 
)lCl -+ -+ -+ -+ + 
0100 -+ -+ -+ -+ -
0201 1Cl4 ++ +- -+ + 
~201 1015 +- -+ +- ++ + 
0201 ~OCl +- -+ +- -+ + 
C2Cl ~105 ++ +- ++ -
0201 0106 +- ++ +- -+ + 
'J20 1 Jl07 
O?.Cl 0103 
-+ ++ -+ + 















-+ -- + + +~ 
++ +- -+ -+ ++ ++ 
-+ +- -+ -+ +- ++ 




-+ ++ -+ + 
++ +- -+ -
++ +- -+ -
0212 1000 +- -+ -+ -+ ++ ++ -
0212 lCOl -+ -+ ++ -+ ++ ++ -
0212 0001 ++ -+ -+ -+ -+ -+ -
J215 1009 +- -+ -+ -+ - + 
0215 1ona -+ +- -+ - + 
0?15 0001 +- -+ ++ -+ -
0215 0109 -+ ++ -+ - + 
02d4 1003 -+ ++ -+ -+ + 
0224 1002 +- +- -+ + 





~225 lOOJ +- +- +- -+ ++ ++ -+ 
0225 10~1 +- ++ -+ -+ -+ ++ -+ 
0225 JOCl +- ++ ++ -+ ++ ++ 
0225 Jl~~ +- +- ++ -+ ++ -+ 
0225 0101 +- +- ++ -+ ++ ++ 
0225 0102 +- +- ++ -+ ++ +-




++ -+ ++ -+ ++ +- -
-+ -+ -+ ++ ++ -+ 
+- -+ ++ -+ + ++ -+ 
0235 0100 +- -~ -+ -+ -+ ++ -





1000 -+ -+ +- -+ +- +~ 
1001 ++ -+ -+ ++ -+ -+ 
0001 -+ -+ ++ -+ +- ++ 
0105 -+ -+ ++ -+ ++ -+ -
+ +- -
+ -+ + 
+ +- -
+ +- -
+ -+ + 















- -+ + c 
+ -+ + c 




































+ -+ + c 21 - u 
+ -- + c 22 - u 





























































9A 11 A 11 
BA 11 A 21 
B 11 A, 11 
U 11 BA 21 BA 22 
U 11 BA 11 A 21 
U 11 3A ll 8A 22 
U 11 BA 21 BA 21 
+ 
+ 
BC 21 - U 11 













- -- + 
















c 21 + 
sc 22 -
c 11 + 
c 21 
c 11 + 









U 21 BA 








































































































fA\i ItlD AB RH t.t"< KL FY JK LU DI P LE Si: TF !-!P 2:2 El GC ACP AK 6? ?GV LPG. PTC /J..CA /1 .Y2 :::3 
J259 0103 -+ ++ ++ -+ +T -+ -
0259 0106 -+ ++ -+ +- ++ -+ 
0259 0107 -+ ++ ++ -+ +- ++ -
0259 """"'"'-l \) ',J ~· 
0259 1 Cl 








-+ -+ +- -+ +- ++ -
++ -+ -+ ++ -+ -+ 
-~ -+ ++ -~ ++ -+ -
-+ - + ++ -+ +- ++ -
-+ ++ ++ -+ ++ -~ -
-+ ++ -+ +- ++ -+ 
-+ ++ ++ -+ +- ++ -
+- -+ -+ +- ++ ++ 
+- +- -+ ++ ++ -+ 
+- ++ -- ++ -+ ++ 
0264 1006 -+ ++ -+ +- ++ -+ 
0264 1005 ++ -+ ++ -+ -+ ++ -
0264 0001 -+ -+ ++ -+ ++ -+ -
02b4 0101 -+ -+ +- -+ ++ +- -
0264 Cl02 -+ -+ ++ -+ ++ ++ -
0265 1008 +- ++ ++ ++ -+ ++ -+ 
G265 1009 -+ +- ++ -+ ++ ++ 
0265 0001 +- ++ ++ ++ -+ -+ -+ 
0265 Q 00 +T ++ -+ -+ ++ ++ -
J26J l0J3 ++ ++ -+ + +- -+ 
G269 1CC2 +- ++ ++ -+ + ++ -+ 





1()03 +- ++ ++ 
1004 +- -+ +-
+- +- -+ 





~; 1 C3 
0105 
+- ++ +- -+ ++ ++ -+ 
+- -+ +- -+ +- ++ -+ 
-+ +- -+ ++ ++ -+ 
+- ++ ++ -+ ++ +- -+ 
0285 1002 +- ++ +- -+ +- ++ ++ 
0285 1C03 -+ ++ ++ -+ -+ ++ -




++ -+ -+ +T ++ -+ 
+- ++ -+ -+ +- ++ 
++ ++ -+ -+ ++ ~+ 
0324 1013 +- ++ ++ -+ ++ +- -+ 
0324 1014 ++ +- -+ ++ ++ -+ 
0324 0001 +- -+ ++ -+ ++ ++ -+ 
03?4 Ql16 -+ ++ -+ ++ ++ -+ 




-+ +- ++ ++ ++ -+ 
+- -+ -+ -+ ++ - -+ 










+ -+ + 
+ +- -
+ -+ + 






















c 11 + 
c 11 .,. 
c 21 -
c 11 + 
c 11 + 
c 11 -
c 21 -





c 21 + 
c 22 


















- -+ + bC 21 -
+ -+ + c 22 
+ - + + BC 21 -
+ -+ + sc 21 + 
+ + c 21 -
+ -+ c 21 -
t- -+ + BC 11 -



























u ;~ 1 3 








U 21 Bf., 
U 22 JA 
u 21 3 
u 21 B 
U 21 A 
u 21 '31\ 
U 11 BP, 
U 11 BA 
U 11 SA 
U 11 A 
U 11 3A 
U 11 CA 
.., 21 CB 
U 21 C3 
ll A li 
11 A 11 

















21 .A. 11 
l1 A 11 
11 A 11 
11 A 21 
11 A 11 
ll A 11 
11 f-\ 21 
11 A 11 
11 .!J.. 11 
21 ~~ 21 
11 A 11 


























.l. .J. A 11 + ++ 
11 
11 
A ll + -+ + 
A 11 + ++ 
11 A 21 
11 .A 11 
11 A 11 
11 A 21 
11 P.. 21 
1 , 


















11 A 11 + -+ + 
11 A 21 + ++ + 
11 A 21 ++ 
11 A 11 -+ + 
11 A 11 + -+ + 
















































FA '~ 'D AB RH ~ KL FY JV LU DI P L::: SE iF ri? t:2 El G( ACP AK 6P :>~.: P ..; ,• PTC A'J.t:.. A1•WZ C3 
0 343 1006 +- ++ ++ -~ ++ -
03L3 1007 +- T- ++ -+ ++ + 
Q3L3 : 01 T- •+ ++ -T -+ + 
-+ 





04 58 1012 
0458 1 0 13 
0458 O:JO l 
-+ -+ ++ ++ T- -
0 4 8 3 1~,~07 
') 4 83 1 ::lOB 
'J483 OvOl 
-+ -+ -+ -+ ~ 
-+ +-r ++ -T ++ -
0498 1 009 -+ +- -r+ -+ +T +- + 
0~98 1010 ++ ++ -+ +- -+ -+ 
0498 COOl ++ ++ -+ T+ +-
0 506 l Ovl ++ ++ +- -+ - + + 
0506 1 J [I +- +- - ·t-- -+ + 
0506 0001 -+ +- +- -+ -+ + 
0 5 06 Ol C" +- ++ +- -+ -+ + 
0506 01C2 -+ ~+ +- - + -+ + 
J506 Olvl +- + + +- -+ -+ + 
0506 8 1 03 +- +- +- - + -+ -
0506 J l 04 -+ ++ +- -+ - ~ + 
0515 1002 
J515 1:03 +- -+ +- -+ -+ +- -
0515 G00 1 -+ -+ +- - + ++ +-
0515 0103 -+ -+ +- - + ++ +-
0515 0104 -+ +- -+ ++ +-
0515 ~105 +- -+ +- -+ ++ +-
0515 0106 ++ -+ +- - + ++ ++ 
0515 01J7 -+ -+ +- -+ ++ +-
0515 01C8 -+ +- -+ +~ +-
~51~ 0 10 9 ++ -+ +- - + ++ ++ 
0515 ~110 +- -+ +- -+ ++ T+ 
+ --
+ +- + 








+ -+ + 
+ 
T -- + 




- -+ + 
++ + 
- -+ + 
- -+ + 
- -+ + 
- - + + 
- -+ + 
- -+ + 
-+ .,.. 
- -+ + 






+- -+ -+ ++ ++ - + +- -




++ -+ -+ ++ ++ -T - + -+ + 
+- -+ -+ ~+ +- ++ + -+ + 
++ -+ -+ ++ +- -+ - + -+ + 
0~3C 1 0J4 ++ ++ ++ - -+ +- -
0 53 0 1005 +- +- - -+ +- -
~5 3 0 0001 +- +~ ~- -+ +- -
05 3 0 0106 -+ ++ +- - -+ +- -
0530 ~105 -+ ++ +- - -+ +-
C~30 0 1 04 +- ++ +- - -+ +- -
0533 1 00L.. 
0533 () 109 
05 33 ~JOO l 
-+ - -i- -+ -+ +-
++ -+ -+ ++ +- -
++ -+ -+ -+ +-
+ -- + 
+ +- -
1'" +- + 
+ -+ + 
+ -+ + 
+ -+ + 





















































c 2 :!. 
c 21 + 
c 21 -
c 11 . + 












U 21 A 





















u 11 cs 
u 11 :2 
A 11 B 
(:.., ll 8 
u 11 
u 11 8 
A 11 B 
A 11 3 
U 11 B 




t... 22 CB 
A 21 
A 22 8 
A 2 1 8 
u 2.2 (jj 
U 21 B 
u 11 e 
U 2 1 A 
U ll BA 
U SA 

















A 11 + 
11 A ll + 
11 A.21 + 

















11 l.. 11 
11 A 11 
11 A 11 
11 A 11 
11 A 11 
11 .t... 11 
11 f:.. 11 
11 A 1J. 
11 A 11 





































-+ + 11 A ll 
ll A 22 
11 A 21 
11 ;.., 21 
11 A 2 1 
ll ,':. 21 
+ ++ T 
11 A 21 
11 A 11 
11 A 21 
11 A 11 
11 A 21 
11 A 11 
11 A 







+ -+ + 


















.AB R'. ·.·~ KL FY J< LU DI F LE SE TF rP E2 El GC ACP / S? PG t LP GV r'T C 1\CA A '1'2 C3 
1534 1008 
0534 1007 
0 34 0001 
C?34 :)105 
0547 1009 
+- ++ ..... ..,.. 
...__ +- -+ -+ ++ +- -
+- ++ ++ - + +- +-
+- ++ -+ -+ ++ +-
0547 1008 ++ +- ..,..+ _..,.. ++ -'-+ -
J547 0001 + - +- ++ -+ ++ ++ -
~547 0102 +- +- · - - + - + +- -





++ ++ -+ -i-+ -+ + 
++ ++ -+ ++ +- -
++ +- -+ +- ++ -
++ +- -+ ++ .... + -
055C 1017 ++ +..,.. +- - ++ -"~"-
0550 1016 ++ +- - ++ +-'- -
0550 0001 _ ..... -+ +- - -+ -~ -
0550 GlOB -+ -+ +- - ++ -+ -
055C OllO +- ++ +- - +- ++ -
0550 0111 - + -+ +- - +- ++ -









++ ++ -+ -+ +- ++ 
++ ++ -+ +- -+ 
++ +"!" -+ +- -
++ -+ -+ -+ +- -
++ ++ -+ -+ +- + 
+.,.. ++ -+ +- -t· 
++ +- -+ +- + 
+.,.. -4" -+ -+ +...; + 
0645 1J08 +- +- -+ ++ -+ -
0645 1009 +- ++ +- -+ -+ ++ 















++ ++ -+ +- ++ -
+- +..:.. -+ +- +- -
+...- .... _ -+ +- ++ -
+- ++ -+· +- +- -
+- ++ -+ +- ++ -
++ ++ -+ +- +- -
++ +- -+ +- +- -
++ +- -+ +- +- -
+- ++ -+ +- +- -
++ -+ -+ +- +- -
++ -+ -+ -;-- +- -
++ ++ -+ +- +-
++ +- _.,. +- ++ 
0709 1010 +- ++ ++ -+ +- -+ *+ 
07J9 0~01 +- ++ +- -+ ++ _..,. ++ 
+ -+ + 
1" --













- +- - c 
+ --!- + c 
- +- - c 
- +- - c 
+ -- + 
+ -+ + 
+ +- + 
+ -+ + 
+ -- + 
- -+ + 













c 22 + 
c 11 
c 21 + 
c 21 + 
c 21 + 
c 21 -
r 21 -
+ +- - D 11 -
+ -- - c 21 -
+ -- - CD U. -
+ +- - Gl 22 
+ +- - CD 11 -
+ "!"- - (r) 22 
+ +- CJ 22 
+ +- cc 21 
+ -+ + 
+ -- + 
+ +- + 
- -+ + 
+ -+ + 
- -+ + 
+ -+ + 
·~ -+ + 
- -+ + 
- -+ + 
-+ + 
+ -+ + 
- -+ + 
- -+ + 
-+ + 
+ -+ + 











































u 11 (9 
U B 
\.; 6 
U 11 B 
!J 11 Ci3 
u 11 (3 
L 11 C8 
u 22 '3 
U 11 3A 
u 21 3 
u 21 3 
U 21 BA 
U 21 SA 
U 21 SA 
u 




L· 11 B 
U 21 JA 
U 11 D 
u 21 s 
u 11 6 
u 11 8 
iJ 21 3A 
J 11 A 
J 11 2 
'J 21 A 
U 21 ,__A 
U 11 SA 
u 11 i3 
u 11 8 

























11 t., 11 
11 .A. 22 
11 ;;.. 21 
11 A 21 
11 A 21 
11 A 21 
11 A 21 
11 ~. 21 
11 A .21 
11 A 21 
11 ~\ 11 
11 ;":.. 21 
11 A 21 
11 A 22 







11 A 21 
11 A 21 
11 f.l. 2 2 
11 A 21 
11 ,!\B 2 1 


































































' ' MM 
A::. 
AA 




FAM PW AB ~H -. ~ KL FY Ji<. LU D P LE SE TF riP C.2 El GC ACP .t..r... 6P PG·~ LP ~-' PTC ADA A; Y2 C3 
r;-~­
·) I V 'J 0101 +- ~- +• -+ +- -+ ++ 
07 6 1016 -+ +~ -+ -+ -+ +T -
0718 10 7 +- ++ +- -+ -+ +- -
0718 OJOl ++ -+ ++ - + -, +- -
0719 1003 +- +- -+ +- ++ -
0719 1004 +- -T ++ -+ ++ +- -
0719 0001 ++ +- -+ ++ ++ -
0725 1003 +- ++ -+ -+ -+ ++ 
0725 1084 -+ ++ ++ -+ +- ++ -
0725 J001 -+ +- -T _, ++ ++ -
0845 1006 +- ++ ++ -+ ++ +- -
0845 1007 +- ++ +- -+ +- ++ -
0845 0001 +- -T +T -+ +- ++ -
0845 0108 +- ++ T+ -+ ++ +- -
0845 0107 +- ++ ++ -+ ++ ++ -
0898 1000 
0898 1001 








-+ -+ ++ -+ +- +-
-+ ++ -+ ++ ++ 
-+ -+ -+ ++ +- -
-+ -+ ++ -+ +- +- -
-+ -+ -+ ++ +- -
-+ +- -+ -+ -+ -
-+ +- +- -+ ++ ++ -
++ +- -+ ++ -+ 
++ +- -+ ++ ++ -
++ +- -+ -.,.. ++ -
0998 1000 ++ +- -+ +- ++ -
0998 1001 +- ++ ++ -+ ++ +- -
0998 0001 +- -+ +- -+ +- +- -
+ -- + 
+ -- + 
+ -+ 
+ -+ 
- -+ + 
+ -+ + 
- +~ + 




+ -- + 
+- -
+ -- + 
+ 
+ -- + 
-+ + 
+ -+ + 
+ -+ + 
+ -+ + 





+ -- + 
+ +- -
+ -- + 
1125 1000 -+ -+ -+ ++ +- ++ - - -+ + 
1125 1001 -+ ++ ++ -+ +- ++ -+ - + -- + 
1125 OQOl -+ ++ -+ ++ - + + +-
1125 0100 ++ -+ -+ ++ +- ~+ + ++ + 
1185 1008 T+ +- -+ ++ +- -
1185 1009 +- ++ +~ -+ ++ ++ ++ 






-+ ++ -+ ++ ++ + 
-+ ++ -+ -+ +-
-+ +- -+ ++ +- + 
-+ ++ -+ ++ +- -
-+ -+ -+ -+ ++ -
1210 1016 ++ ++ +- -+ +- T- -
1210 1017 +- +- -+ +- +- -
1210 COOl +- +- +- -+ +- +- -
+ -+ + 
+ -+ + 
+ -+ 
+ +- -
+ -+ + 
+ ++ + 
+ +- -
+ -+ + 
+ -+ + 
+ +- -




































c 22 + 
c 21 
c 21 + 
c 21 + 
c 21 + 
c 22 
c 21 
c 22 .l. 
u 11 
U ll 2A 
U 21 CA 
lJ 11 CA 
11 
21 










u 11 8 
J 11 B 
u 11 8 
11 A 22 + ++ 
11 A 21 + - + 
11 A 21 + -+ 
J 11 BA 
u 21 8 
J 3 
u u a 
U 21 SA 
u 11 3 
L' 11 e 
U 11 3r\ 
U 11 8A 
l; 22 8 
U ,21 3A 
u 21 8 
U 21 BA 
U 11 BA 
U 21 3A 
U 11 B 
L 11 B 







11 A 21 
11 A 11 
11 A 21 






















U 11 B 21 
u 21 5/\ 21 
U 21 EP, 11 
A 21 
A 11 































U 21 A 
U 11 BA 
U 11 BA 
11 A 21 -+ 
11 A 22 + -+ 
11 A 21 
u 11 f. ,.., 11 A 22 -+ 
U 21 3A 
u 21 3;\ 




u 21 aA 11 
U 11 B 11 
L. 11 SA 11 
U 11 B 11 



















U 11 B 
U 21 SA 
U 11 8A 
11 A 21 
11 f\ 11 

































FA-1 P.,D AB kH • KL FY JK LU DIP LESE TF HP 5:2 El GC AC' .!l..K 6P pr.-J LP ~·1 PTC NJA A,,yz C3 
1262 lu~6 +- -+ +- -+ ++ ~-
1262 ~ 07 +- T+ -+ -+ T~ ++ 
1262 001 +~ ++ -+ ++ +- -
1262 0117. +- ++ +- -+ -+ +- -
12~2 vl:.3 
1~43 10~3 ++ -+ ++ ++ 





+- ++ -+ -+ 1'" 
++ +- -+ l-+ + 
140~ 10J1 +- ++ ++ -+ ++ ++ -
1400 1002 -+ +- -+ +- ++ + 
1400 OC.Ol -+ +- -+ +- ++ + 
1408 10C6 ++ ++ -+ -+ ++ 
1408 1005 -+ -+ +- -+ -+ ++ -
1408 COOl -+ -+ ++ -+ -+ +- -
14C8 0104 ++ +·+ -+ -+ -+ -
1513 1002 
1513 1004 
1513 000 1 
+- -+ -+ -+ -+ +-
-+ ++ -+ -+ ++ 
+- ++ -+ -+ -+ +- -
1673 1004 -+ -+ ++ -+ -+ +- ++ 
1673 10~5 ++ -+ -+ -+ -~ +- -
1673 CO~l ++ -+ ++ -+ -+ +- -~ 





-+ ++ -+ -+ ++ -
+- -T +- -+ -+ +- -
-+ +- -+ -+ +- -
-+ +- -+ -+ ++ -
1715 l0j2 +- ++ ++ -+ -+ +- -
1715 1)03 +- ++ ++ -+ ++ +- +4 
!715 ooo: +- ++ -+ -+ -+ +- -













++ ++ -+ +- -+ -· 
-+ ++ -+ +- ++ -
-+ ++ -+ -+ ++ +T 
-+ ++ -+ ++ ++ -+ 
-+ ++ -+ ++ -+ ++ 
-+ ++ -+ -+ ++ ++ 
-+ ++ -+ ++ -+ -
-+ ++ -+ -+ +- -
-+ ++ -+ ++ ++ -+ 
-+ -+ -+ ++ ++ -+ 
-+ ++ -+ ++ ++ -+ 
+ + 
+ -+ + 
- + 
+ + 
+ -+ + 
+ 
- --t- + 










c 22 + 
- -- -t' ~c 21 + 
+ +- - c 22 -
+ +- - BC 21 -
+ -+ + 
+ - + 
+ + 
+ -+ + 
+ -- + 
+ -+ + 
+ +-
+ - + 
+ - .,. 
+ + + 
+ -+ ~ 
+ -+ + 
+ -+ + 
+ -+ + 
+ -+ + 
+ -+ + 
+ -+ + 
+ -+ + 
+ - + 
.J.. + 
+ - + 
+ + 
+ - + 
+ - + 
+ - + 
+ - ., 
+ - + 





































v ~1 B 
A 11 D 








u :1 eA 
L' 11 6A 
u 11 3.A. 
U 21 A 
U BA 











U 11 BA 
L; 11 /:.. 
U ! 1 f3A 
U 11 A 
U 11 BA 
A 11 C3 
A 11 CB 
1-\ 11 (/', 
11 .::. ll 
11 ;-.. l1 
11 A 11 














11 A 21 
11 ,'l, 11 
11 A 21 
+ -+ 
+ ++ 











11 A 11 -+ + 
11 A 21 -+ 
11 A 21 + + 







21 A 21 
11 A 11 
11 ,A, 21 









21 A 11 
11 A 21 
21 A 21 



















U 11 BA 11 A 21 




U 21 B 
u 21 3 
u 22 3A 
J 11 8 
U 21 BA 
U 21 B 
u 21 8 
U 21 SA 
11 A 11 
11 A 22 
11 A 11 
L. A 2:. 
11 .t.. 21 
11 A J..l 
11 l'.. 21 
11 A 21 







































































FA" ' r. D '.2 Rt-> ·ltl <L fY JK LU DI c LE s::: TF P E2 El GC ACP AK. 6P PG., LP G'•l PTC ADA A·.Y2 C3 
1942 1 ~1SO -1. -+ .,.. Fr 
1942 1 G(Jl + + + FS 
1942 ".- "' ' V\.ju,. + -+ c~ ,,:, 
2.322 1002 +- +- ++ -+ ++ + c 22 - u '-' 
'"" 
11 A 21 + + ll ss 
2322 1CC1 +- -'"+ +- -+ ++ + + + c ~ 1 - u CB , , A ll + + 11 ss L - .. ... 
232? 0"01 +- ++ ..-+ -+ -r- - "t + + c s 
-
j cs 11 /'.;. 21 + 11 ss 
2':122 0100 +- ++ ++ -+ +- + + + ,.. 22 
-
u ( b 11 ,4, 11 + + 11 ss 1... 
2322 :)1()1 ++ ++ -+ -+ - + + c 22 
-
I' B 11 ,, 11 + + 11 ss ;,; 1-\ 
2322 0102 +- ++ ++ -+ -+ + .,.. + c 22 u 8 ll ;-. 21 + + 11 ss 
""'-::t~"} 
c;. ~tt. ·• 01G3 +- +- +- -+ +- + + - 'i· c 21 u C3 11 A 21 + 11 ss 
C. INDIANAPOLIS. DATA 
THESE ARE CODED ACCORDING TO THE INSTRUCTIONS GIVEN IN SECTION B-3 
OF CHAPTER I I I I THE FOUR FIRST SHEETS BE LOti WERE PUNCHED ON CARD 1 
(SEE PAGE 53 OF CHAPTER I I I) .1 WHILE THE LAST TWO CARRY INFORMATION 
ON SOME OF THE F AMI Ll ES WHO ALSO HAD CARD 2. 


















































































































GAr BOC1 A~Ol AOO~ 
COI-l A001 
CO~J A002 
CO~ 8001 AOOl A002 
~-:rL 1\001 
'IJI l A:J02 
~Il 8001 AO~l AC02 
P')E £1,001 
POE A002 
POE 8001 AuCl A002 
GAD ACOl 
GAO A002 
GAD a~ol A001 AQ02 
'iEL AOOl 
H EL .A.002 
~EL B:Ol AC01 A002 
HIL A001 
HIL A002 
HIL 8001 AOOl A002 
'HS A.:J.Jl 
'<lTS A002 
MTS BCOl AOOl A002 
SCO A0~1 
SCO A002 
SC0 BOOl AC01 AG02 
"1ER ACO 1 
·'-1ER A002 
MER 8001 AC01 ACC2 
f•'IL AOOl 
MIL A002 
MIL BOOl A001 AG02 
ALf A001 
ALE A002 
ALE 8001 AOCl A002 
DIX A001 
DIX A002 
DIX 8001 A0~1 A002 
NE/\ AOO 1 
Ncl\ A002 
NEA 8001 A001 A002 
FRE A001 
Fi~E A002 
FRE RGOl A~01 A002 
fy1 IT .A, 0 0 1 
:Vil T A002 
MIT 8001 AOJ1 AOOZ 
;,l!L AC01 
tvo I L Av02 
~IL 8001 AOOl A002 
BE•'l A001 
BP~ A002 








































34 1167 101 1111 
4 1+ 11 6 7 0 0 .) 1 ; 1 0 
67 1167 0J0 111~ 
38 100 1001 
42 101 0101 
67 1 ... 0 11Jl 
37 03b·':l 000 01 1 
41 036& 111 1111 
67 0368 l·J1 0101 
0936 0665 ooc 1001 1 
0540 0665 000 0101 1 
0165 0665 00 1181 l 
37 1070 ~10 1101 1 
38 1070 000 1111 1 
69 1070 OlG 1vl1 1 
1222 J466 oo~ 1010 1 
0523 0466 OOJ 1001 1 
1064 0466 OOJ lOll 1 
0938 0767 000 1001 
)137 0767 000 1001 
C264 'J767 00 1 1001 
16 0264 010 0111 
21 0264 000 1111 
63 0264 010 1111 
0231 0764 000 1101 0 
0330 0764 111 1111 1 
0564 0764 010 1~01 1 
0235 1264 181 1010 1 
0741 1264 101 0111 1 
C862 1264 101 1111 1 
34 0766 101 0101 1 
41 0766 101 1111 J 
65 0766 101 1111 1 
0325 1164 101 1111 1 
1025 1164 101 0101 1 
0352 1164 101 0101 1 
33 1171 010 1111 1 
28 0770 101 0101 1 
63 0770 000 0101 1 
0742 0367 000 1011 0 
1245 0367 111 0101 1 
0863 0367 010 1101 0 
50 0374 101 1111 1 
49 0374 000 1010 1 
73 0374 101 1110 l 
47 0773 oon 1110 1 
51 0773 101 1101 0 
72 0773 101 1111 0 
0117 0665 10 1 1101 1 
0?16 0665 101 0101 
1059 0665 101 0101 1 
0739 0266 000 1111 1 
0139 0266 000 lOll 0 
0365 0266 000 1101 1 
42 1167 000 1111 
45 1167 OOv 1011 






































































































































































































































































































































t'IL 8001 AOC1 AC02 
' IT A001 
•; IT A002 
~IT 800 1 AOOl AO 2 
PER ACO 
PEK A002 
P~~ 8001 A001 A002 
:-1 UR A~O 
~- UR r\002 
VU~ 3001 AOOl A002 
u ~m !\001 
I ND A002 
U~D 8001 An~l A002 
BEL A002 
BE L 8001 A001 A002 
1-iHA A001 
itJHA A002 
WHA BOOl AOOl A002 
HEW ,A.OOl 
HEi.,.J A002 
HEW BOOl AOOl A002 
GOO A001 
GOO A002 
GOO 8001 A001 A002 
C.~U A001 
CAU A002 
CAU 900 1 AOOl A002 
DOT A001 
DOT A002 
DOT 8001 AOOl AC02 
BUN A001 
BUN A002 
BUN BD01 A~01 AC02 
WIL AOOl 
WIL A002 
WI L 8001 AOOl AC02 
!VlAS AOOl 
f'l AS ~~ 0 0 2 
~AS 8001 AOOl A002 
HAR A001 
HAR !\002 
hAR 8001 A00 1 A002 
JON AOOl 
.JO,J. A002 
JON BOOl AOOl A002 
YOC A001 
YOC A002 
YOC 8001 AOOl AC02 
HUE A001 
HUE A002 
~UE 9001 A00 1 A002 
JOH AOOl 
JOH A002 





































64 1167 CC0 1111 
43 1268 111 0111 
48 1268 101 1 101 
68 126S 101 1111 1 
45 068 01~ 1111 
47 1068 101 1111 
68 1068 111 1010 
38 267 101 1110 
37 1267 101 1111 
67 1267 000 011 1 
0543 1167 010 0101 
1248 1167 101 1111 
1266 1167 111 010 1 
42 0967 101 lOll 
45 0967 101 1111 
66 1067 101 101 0 
23 'J867 000 0101 
25 0867 101 1101 
67 0867 000 C1Cl 
47 OCO OlCl 
46 096 7 000 1111 
67 0867 000 1111 
35 0967 100 1101 
36 0967 110 101 0 
61 0967 110 1011 
22 0867 101 1 011 
25 0567 010 1111 
59 0867 111 1101 
22 0867 ooc 11 1 1 
17 0867 010 1011 
55 0867 010 lOll 
29 0867 100 1l.l0 
35 0867 101 1110 
62 0867 100 11 
1137 0465 000 1101 1 
1241 0465 111 1111 l 
0265 0465 010 1111 1 
1241 1264 101 1111 l 
0642 1264 000 1001 1 
1062 1264 101 1011 1 
0341 1164 101 lOl l l 
02 44 1164 000 1001 0 
0863 1164 101 1101 1 
024 1 0366 010 1101 1 
0145 0366 101 1101 1 
1265 0366 101 1101 1 
1042 0666 100 1101 1 
0943 0666 10 0 101 0 1 
04 66 0666 000 1011 1 
0240 0366 01 0 1111 1 
07 43 0366 000 1101 1 
0965 0366 010 0111 1 
0736 0366 00 1110 1 
1139 0366 101 0111 1 

























































































































































































































































































































SIM 8001 on1 A002 
GA ~1 AOOl 
GA"- AC02 
GA ,·1 B0Cl ArJOl AC02 
BRI AOul 
BRI A002 
BRI BC0 1 A001 A002 
\'!! L A001 
Wit.. A002 
WIL 8001 AOOl AOQ2 
'KG C..001 
MCG AC02 
MCG 9001 AOOl A002 
SHO A001 
SHO A002 
SHO 8001 AOO l A002 
NIV AOOl 
NIV AC02 
NIV 5001 AOOl A002 
WAR AOOl 
VIA; A002 
WAR 8001 A001 A00 2 
CRU A001 
CRU A0()2 
CRU BOQ1 AOOl A002 
PEA A001 
PEA A002 
PEA 8001 A001 A002 
LUT AOOl 
LUT A002 
LUT 8001 ACOl A002 
\>lAY AOOl 
MAY /:>..002 
MAY 8001 AOOl AC02 
S't/A AOOl 
S w/J.. A C02 
SWA 8001 A001 A002 
MAR AOOl 
tiAR A002 
~AP 8001 AO~l AOC2 
"'!I[) AOOl 
~ID .!\002 
MID 8001 A001 AOC2 
JOr~ f\OIJ 1 
JOI' A002 
JON BOOl A001 A002 
STO AOOl 
S 0 A002 
STO 8001 ACCl AOOZ 
S ivl i AOOl 
S :"i i f.\002 



























42 •867 01 1010 
44 0867 010 1111 
67 867 111 1111 
36 067~ ooc 01~ 1 0 
38 0670 000 1001 1 
68 0670 coo 11 l 0 
3 8 0867 00 1001 
35 0867 OO') 1011 
64 0867 00° 1001 
13 0867 OOC lOll 
2 2 0 B 6 7 10 l 10 ~. 1 
59 0667 000 l COl 
0 217 06 66 101 0101 0 
1043 0666 ooc 1101 l 
0466 0666 000 1101 0 
0309 0666 000 1~01 1 
0719 0666 100 1011 0 
1040 0666 00 lOll 0 
1041 0964 000 0101 0 
0362 0964 000 0101 0 
0333 0467 000 1101 
0231 0467 101 1001 
0367 0467 10 1 1101 
0715 0964 101 11 01 1 
1118 0964 000 1111 1 
0564 0964 101 1111 1 
44 1266 101 1101 1 
~5 1266 010 1111 1 
65 1266 111 1011 1 
42 0966 000 1110 1 
44 0966 000 1111 1 
66 0966 000 1110 1 
36 u867 000 1111 
37 0867 101 1111 
62 0867 101 1011 
35 0 268 101 lOll 
37 0268 101 1101 
60 0268 101 10 01 
0142 0565 101 1111 1 
n944 0565 101 0101 0 
0964 0565 101 1111 0 
09 28 1067 000 1111 
053 1 1067 000 1011 
65 1067 000 1111 
46 1270 0 00 1111 1 
48 127 0 000 1001 1 
78 1270 000 11 01 1 
38 1267 000 0101 
41 1267 00 10Cl 
67 1267 OOJ 11 01 
47 1 070 000 1001 1 
51 1070 000 1101 0 
70 1070 uoo 1101 1 
41 0967 10 0 0101 
1 0101 














































0 100 1 
l 1101 
1 11 0 1 







































































































































CARD STUDY KIN INDIV PAT i\1AT RACE s p e.o [)08 DOT ABO !-iNSZ p RH KELl LU FY j; XG LE DO sc CG YT DI MA,RK.:::R 
1 21 DEC A002 r:: 46 0967 100 0101 0 1111 01 1 
' 1 21 DEC 8001 A 001 A002 ~,>) 67 0967 100 0101 1 1111 01 1 
t A~-iE I ~-iD IV ACPl 
~.,.. 
'V>'I\J AOOl B "1 c.~ 21 
GAC AOC2 9A 1 21 
GAG 30,)1 BA 21 1 
CON AQF:J. 3A ' 2 .l. 
CC'''·i A;:';02 8 1 2 
cor 8001 BA 1 2 
~.,_!! L AOOl CA 1 21 .4 
;!I L l\•)02 CA l 21 
,:JIL 3001 A, 1 1 
HEL AOOl 13A ?1 ...... 2 
HEL A002 B"' A 1 21 
HEL soo:. BA 1 21 
l..J'"' I A001 "' , 2 ,dL t'1 .I. 
HIL A002 P.A .., 2 l.. 
r-1 r L 8001 21 2 
/IL AOOl B l 21 
~J; I L L\002 B ~ 2 J. 
'·"l L 8001 
'v r L AOOl 8 1 21 
,. r L A002 C8 ~, d. •. 21 
'I L F;oo 1 13 1 1 
MUR AO c~ 1 B 21 23. 
\::UR A002 ~ 21 2 
r'UR ~()~)l f3 1 2 
Ul>iD AC')J BA 21 2 
\JN~ -AO: ? i l 21 
l)'.)[) 6001 1 21 
PEL AOOl '3,£\ 1 2 
0EL AOC2 D l 2 
" Bf:L BOOl 2 
i:.}H/!. A00l BA l 21 
AHI.\ A002 ~ 21 21 b 
.r· J ,., 
,".hi-J, ROOl rs t\ l 21 
~!E L~J !\(.\ 01 :1A ~ 21 .t 
HE /J L\0 02 q;~ 1 1 
HE,: 80"'11 8A. 1 " ' r::.l 
GOO ACOl 8A 1 1 
t:•'\0. 
·-.J"'··'v A002 A 21 21 
G00 8001 '"J,f-. '. ,.., l 21 
(;.\J .~OWl 6'' ~ "' 21 1 
CA.) Acnz P. l 21 
CAU 3001 BA ' .i. .i. 
~A · E ! .,,D IV ACPl i-i· 
DOT AOOl P. 1 ~1 '-" J.. 
ClOT AOO~ A 21 .; 
DOT 80')1 8A l 21 
su~i A COl 8 1 /' .J. 
BLJ"-l A~02 A 21 2 
au•J 6001 2 
S I "1 ,<.\001 B 1 2 
<:::. ...... ~1 P.002 B 1 l 
SI."l BOOl 8 l 
Bl<. I A COl SA l 21 
3; I A002 3 1 2 
BRI 3001 B 1 
'til L AOOl 8 1 21 
\'J I L A002 B 1 21 
vJI L BOOl B 1 l 
DEA ACCl 2 
PE.t.. ;.'\002 2 
PEA 8001 2 
LUT l~OO 1 21 
LUT ,1.002 21 
L.UT "::\001 21 
r~!AY .n.oo1 Bi\ 2 
;'ir\Y f. 002 8A 1 21 
f~t\ y ~:\COl 21 
S·"J.!\ .~001 ,::,p, 1 21 
$\'if:. .t.\00 ') 6 21 l 
s·:,A 8C01 8 21 21 
f,·1I D ;~001 a A l 2. 
~ID AOG2 h l 21 
t.• I D BO (Jl l 21 
STO J.\001 ·~ ~ t:· ;;, 1 2 
STO A002 Bfl. 21 21 
STC 8001 SA. l 2 
DEC AOOl ·~ l ~ 
'·' 
DEC A002 8!i 21 21 
DEC 80"1 8 1 
D. GI.J\SGCM DATA 
- .. 
DATA CODED ACCORDif\G TO THE INSTRUCTIONS GIVEN IN 
SECTION B-3 OF CHAPTER III ON CARDS lJ 2 AND 3. 



















































































































F I l A002 
FF BC.O l AOOl A002 
:=<OA A001 
R0.4 AOOZ 
POA so: 1 AOOl A002 
3EC A001 
BEC A002 
BEC 800 1 A00 1 AOC2 
TJR A001 
T~R. AJ02 
TUP BJOl AOC l A002 
GR I A001 
GR I A002 
GRI BCO l A001 A002 
HN' .A.0 01 
HAt'! A002 
HA~ 8001 A00 1 AOC2 
B IS A001 
8 15 AC02 
BIS 6001 AOC1 A002 
''' CK AOOl 
~,KK A002 
MCK 8001 A00 1 A002 
'<.E L A001 
KEL .t..002 
KEL 3001 AOOl A002 
S TI .AOOl 
STI A002 
STI 8001 AOOl A002 
JIL A001 
OIL AQ02 
DIL 800 1 AOOl AOJ2 
WA L A001 
'iP.L .A. OJ 2 
WAL 8001 A001 A002 
HA'"" ~~001 
HAR A002 
HAR 6001 AOOl A002 
r-I CC A0U1 
ri1C C A.002 
~CC 800 1 AOO l A002 
CMl AOOl 
CA 1>1 P..002 
CAM 8001 A001 A002 
KEL AOOl 
KEL A002 
KE L 8001 AOG1 A002 
DAV /1.001 
DAV A002 
DAV 8,0 1 AC01 ~~02 
J:CD AOO l 
"-KD AC02 
MCD BCOl AOOl A~Q2 




















000 0 10 1 0 
000 1111 1 
000 0 1C1 '.) 
101 111 0 
0:)0 101 0 1 
:JOO 1111 1 
con 1101 0 
100 1011 1 
100 1101 0 
000 11 01 0 
000 1111 1 
000 1111 l 
000 0 111 1 
Q!)tl 1111 1 
000 C1 11 1 
101 1101 1 
101 11 0 1 0 
101 11 0 1 0 
l Ou 1111 0 
000 1111 1 
000 1 0 10 0 
100 1111 0 
010 11 01 1 
010 1101 0 
OJC 1110 1 
000 11 01 1 
000 lOll 1 
000 1111 1 
000 1111 0 
000 1110 0 
1:)1 1111 1 
0')0 111 0 0 
101 1110 0 
000 1111 1 
000 11 01 1 
000 1111 0 
00 0 1111 0 
10 1 1101 1 
100 1011 0 
000 0101 1 
101 lOll 1 
000 1101 1 
000 l Oll 1 
10 1 1011 0 
000 1101 0 
00 0 1111 1 
000 010 1 1 
101 1101 0 
000 1111 0 
00 0 1101 0 
000 1001 1 
10 0 1111 1 
100 10:!.1 · 0 
100 1010 1 








0 111 0 
1 1101 
















1 0 101 












1 01 0 1 
1 0101 







1 11 0 1 
0 1001 
0 1001 
0 10 01 
1 1111 



























































































































































































































































































LOC 80Cl A0, 1 A0~2 
J~:-l .A.O'H 
JOH AO 2 
J0H 8001 AOn1 A002 
/ E AOOl 
'~KE A002 
,• E 8001 A001 A. 02 
~'/A AOOl 
"'tKA A002 
MKA BC01 Ano1 Anoz 
CRA AOOl 
CPA ,;on2 
CRA 8001 AOOl A002 
8RO 001 
3RO AOQ2 
BPO 2001 AOOl A002 
8A.R A001 
BAR A002 
SA~ 80C l AOOl A002 
HC.\ 001 
HOt.; A002 
~· 0!4 B 0 C 1 A 0 0 l A 0 0 2 
EDG A001 
E0G A002 
EDG 8001 AOOl A~02 
CA 1·1 A001 
CAM /\002 
CAM BCOl A001 AC02 
SHA A0~1 
SH.A. A002 
SHA 8001 A001 A002 
CE.I ,~001 
EV A002 
OEV 3C~1 AC01 AOOZ 
P!L .U.OOl 
PIL A002 
PIL BOSl AOOl A00 2 
HAL A001 
H.b,L A002 
HAL 8001 AOOl A002 
FAI A"'!Ol 
FAI .t;002 
FAI B~Ol A001 A002 
C.A. ·~ ,Q, 001 
CA.'-" A002 
CA~ 3001 AOOl A002 
DAL AC>Ol 
DAL A0()2 
DAL BOOl AOOl A002 
S EL P..OC 1 
SEL A002 
SEL 8001 AO~l A002 
ivl(L AOOl 
ACL A002 



















D::JT ABO J\NSZ P 
010 1110 0 
000 1111 0 
101 010 1 
000 1111 0 
01 •) 11 01 ') 
010 l Ol l 
010 100 1 0 
00) 1111 1 
010 1 ll 0 
000 1111 1 
coo 0 1:)1 1 
101 01 11 0 
100 0101 0 
000 1' 11 1 
000 1111 1 
000 1111 1 
ceo 0 1 01 1 
000 0101 J 
000 010 1 0 
010 1101 0 
000 1011 1 
010 1111 0 
100 1101 1 
100 lOll ') 
100 1111 0 
coo 100 1 1 
000 1001 0 
coo 11 01 J 
000 11 11 1 
101 L .. Cl 0 
10 () 1101 1 
OOG 1111 1 
Olv 1 110 1 
000 0111 1 
101 1011 0 
or;o 1111 o 
000 1 10 1 0 
101 1 110 0 
00:) 1101 1 
10 1 lOll J 
010 10 11 0 
101 1110 1 
1..11 1111 0 
000 0 101 1 
111 1001 0 
(.110 1 101 0 
0 1 () 1101 1 
000 0 101 0 
0 00 0101 0 
000 1101 0 
101 10JO 1 
101 1111 1 
0 1 '} 1111 0 
101 1101 1 
110 10C1 0 
RH 















































0 100 1 




0 111 1 
1 11 01 




























































































































































































































































CAR Shfl)Y KIN I I\D IV p .. :.r 'AT RACE s p 80 DO:? 00T ABO :ViNSZ p R'-1 KC: LV FY J< XG ~...E DO sc cc Yi DI •.; I' RK K 
21 DUI\ AOOl 1Cl 0101 
. 1 1 1 0 0 1 0 ~ .,...,.io.Ao 
1 ~1 DU~-' p. 002 lC 1 1010 0 0 1001 1 0 1 1 Q 
1 21 DUi' 30 _;.~ 01 AOv2 ? 101 11 J 
,... 11!1 0 0 
.l. v 
1 21 -\ t..P. i\ '1 r~ 1 010 1001 1 0 1 11 0 1"1 1 0 ~ 
1 :'1 ·\AR A<)02 101 lOll 1 1 0101 0 1 1 0 0 
1 2l ~./.AR qOCl AOOl AC02 ? ooc 1011 0 1 1101 0 0 1 1 1 
1 21 SIL AOOl 010 lOll 1 1 0101 1 0 1 1 0 
, 21 GIL ,t:.,0-:)2 000 1111 0 1 11~1 0 0 1 1 1 
-
1 21 GIL :3C01 AOOl AOC2 p coo 1111 0 1 llCl 1 0 1 1 0 
1 21 ()Oi. "·''01 000 1101 0 1 0101 0 0 0 0 
1 21 !:"0\j f:.:J'J2 000 1010 1 1 lll 0 0 0 0 
1 21 DO~ 3~01 ~ 001 AOt.2 p 000 1011 n 1 1111 ~ " 0 0 0 
1 21 'v•( v AOOl 000 1011 0 1 1101 0 0 1 1 0 
1 21 <_A r i( AOO;: 101 1111 1 0 1111 0 0 1 1 0 
1 21 -.;('( 8001 A001 A002 p 101 1111 1 0 1111 0 0 1 1 0 




1 21 Tl-10 A002 101 1101 1 1 1111 0 0 1 1 0 
1 21 THO 8001 AC01 A002 p 101 0101 1 1 1111 0 0 0 1 0 
1 21 ~II L ft,()Ql 000 0101 1 1 1111 0 0 1 0 
21 ~· I L .r.\002 000 11 0 1 1 1 1101 0 0 0 0 
1 21 f•' I L 8001 AOOl N)C2 p or,(' 1101 1 1 110 1 0 0 1 0 - v .. 
1 21 BEL A':>01 101 1010 1 1 1101 0 0 0 1 0 
1 21 3EL A002 000 1111 1 0 1101 '"I 0 0 l 0 
1 21 BEL BCJl AOOl A C02 p OGO 1111 1 1 1101 " 0 0 1 ~ ~) 
21 BEA A001 000 1101 1 0 1111 0 0 1 0 0 
1 21 SEA A002 
1 21 EEA B ()01: f., c: 01 AOC2 p 010 1011 1 0 1001 0 0 0 1 0 
' 21 CAS 1<~001 101 1101 0 1 1101 0 0 0 0 0 . 
1 21 CAS /1002 100 1101 1. 1 0101 0 0 1 0 0 
1 21 C.A.S BGOl A 0 01 A002 p 100 1001 1 1 0101 0 0 :) 1 0 
AC ••• .P EP • • • • • PGP.. ••• 
C S KN liD Pl LD~ LDB ADA 6PG G6° A B C 1 2 3 AK IC D PPH 23D PGA DHl PGK GOT GPT ;~~ PFK H' L v G3P °K 1~DH PU 
2 21FP.A')CJ1 8 
::> 21FH.A002 '3 
2 21FI'!S:'I01 ~ 
2 21. OAA'~C l C::: 
2 21ROAA002 B 
2 21PCA8"0l 8 
2 218ECAC()l BA 
2 21'=3ECA002 i3 
2 21BEC3001 8 
2 21TL'RA001 E 
2 21TURA002 CA 
2 21TUR800 1 8 
2 21 GRIAC0l B 
2 21GF<!A002 CC 
2 21GRI8001 CB 
2 2 1HA'V!AOnl 8 
2 21HP-.h·lA 002 SA 
2 21HA·Yl8001 BA 
2 218 ISA001 f:.A. 
2 218TSA002 BA 
2 :lB!SBOOl 8A 
2 2 Pt\CKA00 1 8 
2 21MCK.A002 BA 
2 2P1C B 01 B 
2 21: ELAOOl P.A 
2 21KEL.A.002 B 
2 21KELe.QO l 8 
2 21S TI A ~01 B 
2 21STIA002 B.A 
2 21ST!Bt'J01 f3A 
2 2101LA001 8 
2 210ILA002 CA 
2 21DIL8001 BA 
2 21\>!ALAOOl CB 
2 21 wAL..A 002 8 ;~ 
2 2 HJA LB 001 
2 21HAHA001 B 
2 21HARAQ02 A 
2 21H.t..R8001 13A 
2 2 H•iCC.A 00 1 BA 
2 2PKCA002 .A.. 
2 2l'v1CCB001 A 
2 21CAI"iAC01 A 
2 21CAMJ\002 BA 
2 2 1 c A r-,1 a o o 1 
if 2 21YF.LA00 l BA 
2 21 KE L A00 2 .A. 
2 21KEL8001 BA 
2 210AVA001 BA 
2 21DAV.A00 2 BA 
? 21Dl..V8C01 8 
2 2P'lCDA001 A 
2 21MCDA002 B 
2 2lt':CDB 001 SA 
2 21LOC4001 s:., 














































































































































































































































AC ••••PEP•••• •• PGM ••• 
c s K\: n·c Pl L• A LD'"' .A.DA 6PG G6P A 8 c D 1 2 3 AK !CD DPH 23D PGA PHl PGI<. GOT G0 T JP ?Fl<. rlK AL9 G3P p; i•1DH PUT 
2 21LOCB 01 8 1 A 1 1 
2 21JO A001 SA 1 A 21 1 
2 21JOrlA 02 8 1 A 2 1 
2 21JOH8 CO BA 1 A 21 1 
2 2l""YEA001 8 1 A 1 1 
2 2l'-'1KEA002 CA 1 A 1 1 
2 21 \'KEBOOl CB 1 A 1 1 
2 21 "1KAA001 BA 21 A 21 1 
2 21'•1K.AA002 a l A 1 21 
2 21V:KAB001 6.!\ 21 f:.. 1 1 
2 21 CRA.AC'Ol A 1 A 1 1 
2 21CRt,A.002 B , A 21 1 ... 
2 21CRA8001 ':l.A l .A. 21 l 
2 21 8ROA001 B.A. 1 A 21 1 
-.. 218ROA002 8 1 BA 21 1 0:. 
2 218ROBC01 f.~ 1 BA 1 l 
2 218ARA001 BA 1 !:\ 1 1 
2 .2l~ARA002 8 l A 21 1 
2 21BAR80r"ll B " A 21 1 .1. 
2 21HOWA00 1 SA 1 A l 
2 21HOv:A002 SA 1 A 21 l 
2 21HOW8001 A 1 
"' 
1 1 
2 21EDGA001 BA 1 A 1 1 
2 21 EDG•\J02 B 1 I 1 l 
2 21EDG8fl01 B 1 A 1 l 
2 21CAIV!A001 8 1 A 1 1 
2 21CAMI\002 !J.. 
2 21CA"'i8001 8 21 A 1 l 
2 21SHAA001 8 1 " 21 1 ,.., 
2 21SHAA002 A ~, 21 A 1 1 
2 21SHAB001 Bl\ 21 A 1 1 
2 21DEV,..'\001 A 1 A 1 l 
2 .21 :>EV ;1.00 2 B 1 A 21 l 
2 21DEVB 01 BA 1 .r:... 21 l 
2 21PIL,li.QQ1 8 1 A 2 1 
2 21PILI~002 BA 21 A. 2 l 
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-o. 76llJ·63E o -:.7c4:?25C: o;.. -· s.767710C. 02 
-~.776(•<.j5=. 02 -0~78l"43t. l..-2 -0.7857S3S 'J2 
-0.798616[ 02 - 'J.803306E J: -v.':i0822t.,C:: .-2 
-J .. 324523l:. ')2 -u.83,;:J4L.·:. v2 - Ct • .;.36~99E. ;:;z 
-0,._;58352E J2 -·O~b:..;6'+-41E 02. - O.o75C91E v2 
-.J.?0:,199E t)2 -l,;,.9l6'7fs3E U2 - C .. 929cc·GE: 02 
-v.'777825E 02 -j.9?3l'Si9[ 0.:. - 0.1021 7r:.. 03 
-.-.ll2785E 03 -Oull9376L C3 -Gd3037CE 03 
LJ.:i L. KELI HOOD FQO A. LL. /AL ~s CF 3 AT THE FY "C s 
• 0 .01 .oz . C.i3 .04 
o.oo -0.'99"3~E 03 -0.199265E 03 -O.l99520E 03 - O.l99798E J3 - .200097E 03 
').C5 -o. 2~Jv417E 03 -0.2C0758E 03 - 0.2C1:2lE ~ - 0 .201::> 06E )3 - Ja201914~ 03 .,..J 
o.1o -0 .. 202343E. 03 -0·2027 4E 03 - 0.2032c9E 03 -o •. D3765E 03 - 0 . 2~4285t: C3 
0.15 - .;; C4828E 03 -0"205396E 03 - 0.205986E ~3 -lot:::J66ClE 3 - 0 . 2°7L4 E 03 
c.2a -J.2C7903E 03 -C.2085:J3 E 03 -C.2 v93C7E 03 -:: •• d )J47::. v3 - 0.210814E 03 
0.25 -D.211607E ~ -0 .. 212429E ;,.3 - Oa213277E 03 - 0.214153C: 
-; -0.215 ~59E 03 ~..J 
0.30 -0.21599~:: 03 - 0 • 21· 9~~!::' 03 -0.217954E 03 - 0.2 1 M961E 
1'\':l 
- o d2C.03 ·;E 03 :l .... VJ 
o.35 -().221130C:: 03 -o.?~2254E 03 -0.2234l4C. 03 - 0 . 22460.JE u3 -,.~tL2583bE 03 
0.40 -0.2271 C6C: ~3 - 0 .2284ll E 03 -0.229756E 03 - 0.231140E 03 - 0.23z:.;,G;: 03 
0 .. !+5 - G.234036E 0:3 -0.2355t+9E .3 -S.23710 8E 03 - 0.238713E :;.} - 0.240368C: 83 





o. 5s - 0 .23 420'.':' OJ -G.??346 8E C3 -0.255584E ·:: 3 - o.~s7767E 03 -o.2~"J~23E 03 
C • A'~ - :;.262354E 03 -0.264764E 03 -C.2-~7256t: 03 -0.2o9~34E 03 -0.2725:.-SE :13 
0.65 -0.275270E 03 -0.278137~ 03 -C.281113E 03 - 0 .2842C1E 03 - 0.28741 c. 03 
0 .70 -0 .. 290747E o~, -0.29'42 21E 03 -0.297641E ()3 - .::..301~17: "' - .. 305562E 03 V..J 
0 .75 -0.'3096J6E 03 -0.314006E 03 -0.31 8538E 03 -o.3z:,_,ol E J3 -Q.32v-'l4E 03 
o.ao -0.333602i:: ':3 -0· 339194E 03 - G.,4Sl22F. 03 - 0.351423:: "'":< -0.35 Gl43E 03 "'"" 
0.85 -0.365.:335E 03 - Ja37.?0o5E 03 -0.381412E 03 - 0 . 39"473E o~ - ..... 40 ... 374E J3 . _, 
0.90 - •'-11272E C3 -:::.42'3280"" 'J3 -0.43 6981E .) 3 - 0.452t.;.75E ()3 -..Je47.4 4S:;: 03 
.95 - 0 .491798E 03 -0~51 8C~3E 0~ -0.552'J54E 03 - 0.6:)019-i:E ~3 -0.632654E 03 
1.00 - 0.399999E:. "..., ""I 
LOG LI '<Ell HOOD FOR ALL V l\L\JFS OF j AT THE JK LOCUS 
$ 00 .o1 .02 . 03 a!J4 
o.oo -C .. lS8587E 03 -0.15C770E 03 -O.l58970E 03 - ~159187E 03 - d59423E 03 
o.o5 -O.l59675E 03 -0.15994 7E 03 - O{jl60236E 03 - 0 • 16 0 5 4.!t E 03 -Oal60870E U3 
0.10 -:J.l6l215E /' ~. '<.i;;J -0.161578[ 03 - Od61959E 03 - O.l62361E 3 - 0.162781E 3 
0.15 - .163220E 03 -O.l63679E 03 - O.l64158E U3 -Oal64656E 03 _ , .165175E 03 
0.20 -O.l65714E 03 -0.166275 .... 03 -O.l66d56E 03 - O.l674S9E 03 - vol68084E 03 
Oe25 - ....... 16873..:-E. !"'~ 'A -o.l69399c 03 - o317v09lE r? - 0.170806E 03 - O., l7l546E 03 _,..., -..,.:.; 
c.3o -0.1723C9:. 03 -~·l73~96E v3 -o .. 73'9 1JE 03 -o d 74 749E. 03 - O.l75614E 03 
Ot35 -O.l76505E 03 -:Jd77425E r"'';l. ... 0 d 7'2373E 03 - c .1 79350E 03 - 0.18'.::35 c 03 ;.I~ '-
Q,4Q -:)~131393E 03 -Ool82461E C3 ~o~183562E 03 -O .. l84694E 0.3 - Od8SBS2E 03 
Ce45 -C.l37C65E :"3 -0~18S303E C3 -Od89j79E 03 - O .. l90~93E C3 - O.l92248E 03 
O~r?O - 0 .. 19::)644C. ? ..J~ -G#195082E 03 -0$196?64.E 03 - 0.198093[ 03 - O. l99667t 03 
0,.55 -0 .. 201296[ 03 -'; s 202S<74E 03 -Od04706E U3 - o~~06493E 0.3 - 0.208341 E 03 
0 .s -. -0.21C249E ')3 -rJ$212C:2lE 03 ~0.21£~261E 03 - u . 216372E 03 - 0 .. 218558[ 03 
0 _65 -r .. 2 z o 8:2 E J3 -Oa?23l69E 03 -0.225b03E 03 - 0.22bl31E 03 -0.23 757E 03 
8 .. 78 - ( .,.23348GC: 03 -0•23':.,3311:" 03 -o~239293E 03 -0.242383E 03 - J . 245610E 03 
c.'s -0.2489c5E 03 -c·. 2 s z 51 s E 03 -0 .. 2562272: "3 - 0.260l21E 03 -0 . 26 4 221E 03 
, $80 - 'J " 2 6 b :· 4 7 E 03 -J .. 273120i::. r~ #., vj -J .. ~77967E 03 - G~283120E 03 - v . 2b36l!>t: 03 
o~c5 ~-o. 29449'E 03 -c .. ·300814E 03 - 0"307638E G3 - 0.315044E 03 - 0.323137E 03 
,.. ~. r, 
....,¢';;U -;) e 33 2 "41.l:E 03 -0,341939E 03 -Q,.353054E 03 - Os365713E 03 - 0 . 3S0396E 03 
') .. '?5 -:J.,:197641E '"'·'" ):J -0 .. 419290::: 03 - 0 .. 447U65E 03 - Oo48633SE 03 - 0.553900E 03 
1~cc -o~z?9'199E ()7 
L!G LIKELIHOOD FOR ALL VA!.. 1£5 OF s AT THE LU LOCUS 
.oa .o1 .02 . 03 . 04 
\..;.oa -0.436122E ')2 -0.436264E cz - 0 .. 436431E 02 - Oo436625E 02 - 0.436843E 02 
o.us - 0.43789JE J2 -S.437363E C2 -0.437658E 02 - 0 .. 4379851: u2 - . 438535E 02 
0.1~ -o. 43 a 111 >::. 02 -'.J•439117E 02 - C .. 439548E 02 -0.440u03E '..12 - 0 . 440491E 02 
0.15 -G.44l::C7E ~2 -Oo44l548E S2 - CJ.,442l1SC: ()2 -O,.c;.Lt2717S 02 - O.o4433Lt5E ()2 
().20 -C.4440'J2E 02 -0.444689E !"') - 0.4454C5E :)2 -0 .. 446150c 02 - t 445927E 02 '-~ 
0 .. 25 -0.4477;.6t. 'J2 - G.446575E 02 - 0.,449L;48E 02 -0.450351E 02 -v . 451290E 02 
0 .. 30 -0.452260E 02 -0·453267£ 82 -0.454311E 02 - 0.4:)53d7E 02 - 0 .. 456502E 02 
0.35 -0.457652E 02 -C.458844E 02 -C~460C71E 02 -0.461340=: 02 -C'.462652E 02 
0.4C -0.464(101E 02 -J~46~395E C2 - 0,.4-66E36E 02 - 0.4-6832JE j2 - J.t;.69b52E 02 
0 ·'+5 -U.471431E 02 -0.473C61E 1..12 - ·j <J47473~C. 02 -0~'+76472i: 02 - 0.478258~ 82 
o.so - 0.480103::: 02 -0.482 106E 02 -0~483964-E 82 - o~L..B5990E 02 - 0~488080£ 02 
o.ss -0.49v234t. u2 -u.49246lt. 02 - •) .t-t94761E J2 -0,.4971371::. "'~ .JC. - 0.4'i'i589E 02 
0 .. 60 -o.so2127t: 02. -0 .. 504752E C2 -o~so7'+67E 02 - 0 .. 510278E ~2 - ·).513190E 02 
0.65 -0 .. 516207£ 02 ~·O. 519334E o2 -0,.522579E )2 - 0.525948:: 02 --o~~29451E 02 
o .. 7o -C .. 533093f.:. 02 - 0,.536884E 02 -0~540B35E 02 - Oe544S58E 02 -0 . 54::1262E 02 
o.?s -0.553764£ 02 -0.558'b3E 82 -J"563427E 02 -Oo568622E Ot: - o 574091E 02 
o .. so -0.579864!: 02 -Q,,585961F: 02 -0.592423E 02 -Oo~599297E 02 -0~606621E 02 
o~Bs -O.,Al4457E 02 -'J~62288?E 02 -0.63197DE 02 - 0.641839!: 02 -o~652614E 02 
o~9o ·-0.664476E 02 -OQ677643E 02 -O.b92434E 02 - o~7o9277E (\? "'"· -0.728796E 02 
0.95 -0-751089t:. •"? v~ -~J<> 780!.~90£ 02 -O<t817387E 02 -C.B69;,98E 02 - 0 .. 959213E 02 
l;,OO -0.2 000CCE 07 
LOG LIKELIHOO~ FOR ALL VALUES OF e Ai THE GC LOCJS 
o.oo 
" .. 05 
s.1-; 
:ol5 
,) ~ 30 




( • 6~· 








-o. 3., o Bl6E 02 
-o.36497oE :J2 




-\) • 4 5 7 2 16 c. c. 2 
-C.4Sl351E J2. 
-Ch50~216E 02 
·-·)• 53 .255E ;,:;2 
~0~ 57222H. 02 
-J.f-:1160 
-o .. s:::·t...55BE 02 
--.71076CE 02 
·-'J.7776':.GC. 02 







- 0.353555£ 02 
-8.3o7954E 02 
-, .3836ClE J2 
-,1. 40063 2E: 02 
-0.419206;: (;2 
-) .. 43;528E 02 
-C .. 4ol355f:: C2 
-C 4b6S2C.E 02 
-~·51.3946E :,2 
-~ r::447 5E 02 
··0.579577E 1.)2 
-8,6196)3[ 02 
-0 .. 6665.'')0f 02 
·· 0,.7229:;,8E 02 




-::J .. 330456E. (JG. 
- 0.342c62E 'J2 
- 0 .. 356340E 02 
- 0 . 37.J;79C. 02. 












-o b0945at-: , 2 
-o$YJol70E 02 
-Ocl05656F: 03 
-O .. l3St556E 03 
-O..:l32d55E 02 
-v.345470E 02 
- .359172f_ 02 
-0.374U56E 2 
-c~39C240r: oz 
- C .. 4-07865E 02 
-G.427ll2t: v2 
-c~4-4d2J2E oz 




- o ~ S94908r 't.: 




-0 .. 932557E (.,2 
-o .1 09754 E o3 
-O..lt+c3385E 03 
-0.335295t: 02 
-0.34812 ~ 02 
- J.3620':JC!: 02 
- 0 .3 771'34£ 02 
- 0.393b44E 2 
-0.4115 78E 02 
- · •431174E v2 
- J.4:>2oo5E 02 
- .47635uE 02 
- u.502o12t 02 
-0. 53 l 955E U2 
- C. 565074E 02 
- 0.6029122: 02 
- .. 646Bo~E 02 
- t699058E 02 
- 0 .763000E 02 
- .845095C' 2 
- J.959 106E 02 
... O,l14492E. 03 
-O. l 69~32E 03 














, .... .. ,o 
~ ~ _.5 
( q ?0 
(. . 9) 
1 • 'i \ 
.oo 
- 0 .74 £596E 02 
- o ~751136E e;z 
- 0.75577/E v2 
-:..7o2574E c.? 
-rv. 7716 l9E 02 
- 0 .7 83042E 02 
- (!.7';,-,02 l E. C2 
- (.. . r l37~l t. c.( 
-J.83;j663E 02 
-<~ .. 857040t. 02 
- 0.884463l v2 
-..,.Sl665:'E t,"" 
-o.,r,&;~';')SE o.:: 
- ':-.")':17f"9t 02 
- .... •054:!JL _.3 
- ~llZtG:E ~--:. 
-o.:t\.-~~4~ :., .. 
-0. l3 U3 2 8 E r? 
-).l4£1Ch.>.: ~,3 
- I~ 1 7 6 '-'62 E ,.. j 
-:.;;;.;~;;~E ':.7 
. c1 
- 0 .74 89~9E 02 
-0. 751.,95E 02 
- 0 .756961£ 02 
-0.7642 0 1E 02 
- ~ · 77370EE rz 
-"·7~5628l \) .. 
- " . &C~:42 E v2 
- fi · 517:005.:. 02 
- \.1 . 8~8Cir2 E '2 
- .• {u 2lc2E 02 
- ~ • 8 s c L- j l E 0 2 
- : ~ 92'3/L.-.:.E C? 
- 0 . -62994[ 0~ 
- ~.lcJ975E 03 
-..,.::JS6)~E C3 
-~·11::61'~ 






- .... 19'35-'E )3 
( 0 ~ "', J 0. 1.: ) 
• .~2 • 3 •J'+ 
-0.74 9 36 2c. v2 - C.74'~ ':;lE ~2 -0. 75 462t. 02 
-O.i'5273bE v2 - 'J.753666E 02 - Oa754678E 02 
- 0.7582 32 E .... 2 - 0.7595:JlE CZ - 0.761.,3-:it 02 
- o . 765'il7E c~ - 0.767724-i. 02 -C-.7 6 62"t-t. 82 
- 477,t:S5 t " - 'Jc776177E L2 - .7 8056CE r 2 
- "' • ?c83 6E 02 - t.7 :t .!. l Ot: 02 -0. /94Gl • £: C2 
- O, uv.33 7oE J2 - C.2J67.29E 2 - O.ol..,l9'7E 02 
- 'J.c2134c.t: 2 - C. d25j l t;!:. u2 - O. d29 £-22E 02. 
- 0 .. 3L.2 -66E 02 - •• 847 2.;/E .... 2 - Ga8520olC: •J2 
- G.t67489E: 02 -C.6721J67E J - et:78623E 02 
-G. 8967 L E 0 -O.:i:J3149C: C-2 - 0 .9 0S~7'72E 2 
- C • ':~ ~ 1 0 7 4 E 0 2 -Cc 9.:)1:652E 02 - 0.-:;464v ... E 0~ 
-0.9716c:7E J2 - 0.99Ct.27.::: v2 
- :;; .l02 0 l9 E. 03 - :. .1 C31C3E 'J3 - \. ... l C423 1 E .. 3 
-vel' 79QI.!.i._ C3 - .. 0923(-,E SJ - 'J.ll 628E ... 3 
- ,.,ll:S2 16C: ";· - .... ll69v2E C.:> - C.ll5;::,7 i. 03 
-().12£+.:.4/.L v.;J - ') 1 2 v tl ~ 1 .::. :) .;) -vd2927~~ C3 
-0.1 31~'1:: CJ -:..14 0/8".:. (;:: - O .l44j ()~::. 03 
- 0.157372.:: G3 -c~l629J6E JJ -O.lE-~3idE 03 
-0.1 9d520E J3 -0. 21575-!E 83 -0.24~3'J4E 03 
L..,.,G LI I(E i h00r) FOR ALL V.;LUES OF Q AT THE LPA L0CUS ...; 
.~:) . o1 •' 2 . 03 • 4 
o.oc -0.17 c49E 02 -u. fo;;.r-....,c- 02 - O.l 801 7 8E 02 - O .. l 80ti60E 02 - C.l 81::>5oC: 02 , "'_;-U f._ 
~.C5 -~.l32264E ,..~ -o. €2986E 02 - o.l237 21E 02 - O.l84469E J2 - O. l8523lc u2 v...: 
0 .• 10 -O.l36007r: 02 -o. 8679SE. 02 -o. 87603E 02 - 0.188423E 02 -O.lc9258\:. 02 
0 .. 15 -J.l<?ClS8E ,..,- -o d 9 .... '974t: "2 -O .. l91856E A" - 0.1927552: J2 -Oal9366 9E 02 IV~ vc. 
0.2C -O.l94602E 02 - "'.l?5551E -:z -C.l9651·3E 02 - Jel97503E 02 - O,l985 07E 02 
0.25 -Oel9953CE 02 -0.2C:0573E r ""> -0.2.Jl635E 02 -0.2027ldE 02 -J,.2 03822E 02 -'C.. 
0 "n -C.204947E ,..,, -Ca206094E L -0.207264E 02 -0.,20845bt 0..:: -0.2 09675E 02 •-'~ v~ 
0 .. 35 -~..210S'l6C: ·'·2 -C.212183.._ 1"1? -0.213476E •)2 -Oa2147'i6E 02 - l.•216143E 02 '-''-
0 .. 4 -'~;.21 7519E J"' -0.218S24E 02 -.;.22::359C: 02 - 0.22lb26E J2 -0.,223325F 02 
Q .. 45 - •224S57C: 'I"' -n.zzv424E 02 -:)w228027E 02 -C-.22'.1666E .J2 - .23134SE 02 \,~ 
o.so -~ .. 2'33Co·3E J2 -J.234822E C2 -o .. z3c625E 02 -0.238473E 02 -0 .. 24.:367E J2 
0.55 -0.242311':: 02 -u.244305E (12 -0.2463~2[ :)2 - 0.246455E 02 - 0.25061SE 02 
0.60 -~.252837[: 02 -0,255123E 02 -0 .. 257476E 02 - 0.25S900E .J2 - Os26239oE v2 
o.65 -0.26497~E 02 -0.2S76:35C: :)2 -:.27 :383~::. .j2_ - 0 ~ 2732.~4E ·jz - O.Z7bl64E U2 
Oa7~ -C .. 279210E 02 -0.282363E C2 -0.285647::: ("""' -0.2890~5E 02 -J~292602E 82 vi. 
o.75 -0.296298E )2 -:.3~.)1S6t: 02 -0.304159E 02 -).3084-l.2t: 02 - o~312d4t.tE '.)2 
o .. so -0.3175()4-E (~ .. , -~).322416!::. , . ..., -0 .. 3Z7607E 02 -o .33..; 1 bE ...,2 -o.~33957t: 
,.,~ 
~t , { . .• u:. 
o.ss -~ .. 3452G'1E '12 -0~351839E :J? -0.35':1091[ 02 -0.3668b3E J2 -o.3753~:::.c: U2 
0.90 -c. 384 710E 02 -o. 395~'J43E 02 -o ,.lf06o20t.:: 02 -0.419774E 02 ~· 0.434':hiJE 02 
0.95 -o .. 4 s 3 02 6E ,,z -Oe475145E C2 -0.5C3719E 02 -·.J & 541+073[ 0~ -C.6l3197E 02 
l .. GI') -0.,999999E 06 
EVALUATE AND 2-U~IT SUPPORT REGION = o.oo I0.00,0.251 





0 .. 25 
~.30 
0. ·~ 5 
c.4c 
c;.45 






"". ~k. v. _ .. -' 




- ;J .l89879E 02 
- .:92 0L.7E C2 
- C.l94- 89:;,E 02 
-O.l9846)t. 02 
-) .. 202P.3t't .... z 
-C.2G8:.;7lc 02 
-Oa2l43C.Z.:. 02 
- .... c.2:166~E :J2 
-";.23v370~ o;:. 
-').2L;Q7C3E C2 
-0 .. 2530~5E Ci2 
--' • 2(: 79SCC ~;2 
-0~2o6:::SC!: 12 
-:; ~ '10 974':>l (;t', 
·-0 340S20E .;2 
···0.3 ... 6436C: \;.:? 
- ~~ . i.J."' (" '+ 9 7 [: (; 2 
-O.l9SS>:,s<t:. 07 
.o1 
-C.l 7161E 02 
- ··lB75SlE v2 
-::.J.188olOE '2 
-O ·19,J260E C2 
-Od92561E 02 
-0.1955"-SF '2 
-c~::.9 273E 02 









').3.::.. 612E 82 
-._.:~9~45CE r2 
-J.492661E C2 
.. ' ~ (".~0,'2o40) 
.oz 
-Od 7197E 02 -Cd&72)6E 82 
-O.lB773dE 82 - .137'?19E 02 
-C.lS~ac9t: J2 -c. 89194t: 02 
-:).,19Jo68E 02 -:.191 '.: 1[ 02 
-0-193102£ 02 -O.l93v71E C2 
-O..l96232E 02 -O .. l96'J46f:: CL 
-Oa2::10l 3E '22 -0.2C'...,SI84E :.2 
-0.-204816E 02 -J.205o63E J2 
-c~21J437E c2 -C*211682E 02 
-0.217l03E 02 -O.Zld::,7::>E 02 
-0.224':i79t 02 -CJ .. 22672CE 02 
-v .. 2342St5c C-2 -0.~363;,7£ :.:2 
-0.245367E 02 -:... .. 247S:3.;E 02 
-o.z::.a.:scr: c2 -0.26162;;:c. 02 
-0.274d26E 02 -0~2784 -~3E C2 
-v.-.Z';f4'i92E 02 -u • .:::9.:t6:>JE v2. 
- .3:1063£ 02 -Ld27L66C vl 
-0 .. 35:,o63E 02 -0.365o27i:. 02 
-~ .. 41L~7t: 02 -~·42735 3E:. ~.;2_ 
- i) ,. 5 2 6 5 71 E J 2 -o.::74618E 0.2 
-O.ll>734lt " L 
-0.1 .dl25c. 02 
-v.l89524E 02 
-:;.I91:>6lE ··2 







-0 .. .:384~.::::.:_ '2. 
































-C .. 20~266E .: 
- .2 .32-:l,Of:. 02 
-; ., 2.:1133:-,E C2 
~--. 2"' rae..E oz 
-c.2::-1o~t.E ,:;z 
-0.2)1632[ 02 





- ... , .. 2243it:E 02 
-::- .. ~328.;1E :12 
- · .,;?I.-344QE 02 
-:'.257C34f:. ') L 
-~.274S4lE nz 
-0. /9 9:::2 5 E "'2 
-C,40~..6S3:: ,2 
-0 • l .; " S '_. '_ E 0 7 
. o1 
-0.~.;7356E 02 
- -...z-·.;.eoec: ~2 
-C.20.2899E 02 
-:: . 201631E 02 
-C..281C l 6E 2 
-CI.201.,7t.E v2 
-"'.20le45E 02 
-0 .. ~03374E 02 
-u.2~5732E 02 
-J.2.0'7Jl2E ·2 
- . -.213.340E 02 
-0.218a91E U2 
-o .. 2 2 590:.}E cz 
-~.;¥ 2 3 4 7 3 5 E 0 2 
-· •245&;~2E C2 
-" • 2 6 0 2 'A E -.J 2 
-0 • 2 79C8Lr _ v2 
- .3Q:,)262E 02 
-..; ·4221SUE 02 
.sz 
- C.206795E 02 
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